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OIL SHALE OF THE ROCKY MOUNTAIN REGION. 


By Dran E. WINCHESTER. 


INTRODUCTION. 


During the last few years publie attention has been repeatedly 
called to the rapidly increasing demand for petroleum and its pro- 
duets and the inability of the American producer to keep pace with 
this demand. Vigorous attempts have been made to increase the 
output of the known oil fields and to locate new areas from which to 
pump liquid petroleum, and the chemist has tried to develop a sub- 
stitute for it, but still the demand increases more rapidly than the 
production. Long ago Scotland faced a lack of oil and found it 
possible to develop а supply by the distillation of her oil shales. 
To-day the oil shales of the United States are being investigated in 
the hope that in the near future they may materially assist in furnish- 
ing the liquid fuels needed in our industries. Much has already been 
done toward placing the American oil-shale industry on a firm, 
economical basis, but а still greater amount of chemical and engineer- 
ing research is needed before it can be said that the industry is 
assured of success, and a long time must elapse before the output of 
shale oil will be sufficiently large to affect materially the total pro- 
duction of liquid hydrocarbon fuels in the United States. 

In the United States it is possible to derive oil from rock of several 
different types. Most of the petroleum that is being produced to-day 
is obtained by penetrating reservoir sandstones and shales and then 
pumping out the oil or allowing it to flow out under pressure provided 
by nature. In these sandstones and shales free oil exists in the pores 
and cavities of the rock. 

Oil shale, on the other hand, does not contain oil that may be 
extracted by mechanical means, but contains an abundance of partly 
bituminized organic matter that can be converted into oil by heating. 
Preliminary studies of the subject indicate that only certain types of 
organic material are capable of yielding when heated liquid oil 
lighter than water; others when heated in the same manner give 
heavy tar products many of which are heavier than water. Even 
the richest of the American oil shales show only a very small amount 
of free oil when subjected to the action of the ordinary solvents of 
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hydrocarbon substances, but when these shales are heated oils very 
similar to petroleum are produced and driven off in the form of 
vapors, which may be condensed into liquid shale oil. 

The shales of the Rocky Mountain region have been the subject 
of a considerable amount of study by geologists of the United States 
Geological Survey, and several reports on them have been printed, 
but most of these reports, although several times reprinted, are no 
longer available for distribution. "Therefore in the present report 
an attempt is made to include all of this information, together with 
that collected by the writer and others since the publication of the 
last previous report on oil shale. 


FIELD WORK. 
HISTORY AND METHODS. 


Тһе field work upon which this report is based was started in 1913 
by Е. С. Woodruff and D. Т. Day,’ assisted in the field by W. P. 
Woodring, and continued by the writer,’ assisted by Н. M. Robinson, 
W. B. Wilson, and H. R. Bennett, each season up to and including 
the season of 1918. С. Е. Bowen? in 1916 made a preliminary 
examination of oil shales in southwestern Montana, and E. T. Han- 
cock in 1917 collected several samples in west-central Montana, data 
concerning which are included by D. D. Condit * in his report on the 
phosphatic oil shales of the mountain region based on field studies 
made in 1918. J. P. Buwalda studied the oil-yielding shales of 
Nevada in 1918, and the data he obtained, which have not yet been 
published, are summarized in this report. From time to time other 
geologists of the United States Geological Survey һауе collected 
samples of shale and coal from the Rocky Mountain region, and the 
results of distillation of these samples have been published as 
information worthy of printed record.’ Chemical research has been 
carried on by Chase Palmer, Theodore Erickson, and others in the 
laboratories of the Geological Survey and by David T. Day, C. R. 
Bopp, Martin Gavin, and others in the laboratories of the Bureau of 
Mines. Much of the information has already been printed but is dis- . 
tributed through several volumes, so that a study of the Geological 
Survey’s information on oil shale in this region requires the acquisi- 
tion of many separate reports, some of which are difficult to get. 


1 Woodrufl, E. G., and Day, D. T., Oil shales of northwestern Colorado and northeastern Utah: U. S. 
Geol, Survey Bull. 581, pp. 1-21, 1914. 

2 Winchester, D. Е., Oilshale in northwestern Colorado and adjacent areas: U. 8. Geol. Survey Bull. 641, 
pp. 139-198, 1916; Oil shale of the Uinta Basin, northeastern Utah, and Results of dry distillation of mis- 
cellaneous shale samples: О. S. Geol. Survey Bull, 691, pp. 27-55, 1918. 

3 Bowen, C. F., Phosphatic oil shales near Dell and Dillon, Beaverhead County, Mont.: U. S. Geol, 
Survey Bull. 661, pp. 315-320, 1917 

1Condit, D, D., Oil shale in western Montana, southeastern Idaho, 
Utah: U. S. Geol. Survey Bull. 711, pp. 15-40, 1919. 
5 Winchester, D. E., op. cit. (Bull. 691), pp. 51-55. 
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Тһе work by Woodruff and Day consisted in а preliminary exam- 
ination of the formations containing oil shale at several widely 
separated localities in Colorado and Utah, and the testing of 11 
samples of the shale to determine the amount of oil and other prod- 
_ucts that сап be obtained from it. This was followed by the writer's 
investigations, in which the oil shale has been mapped and studied 
in more or less detail along its entire outcrop in Colorado, Utah, and 
that portion of southwestern Wyoming scuth of the Union Pacific 
Railroad and west of Green River. During these studies many 
stratigraphic sections of the Green River formation have been ex- 
amined, and more than 350 samples of shale have been distilled. Тһе 
mapping has been done largely by plane-table methods, and the 
accompanying maps are compiled largely from the data thus obtained. 

Reports of rich oil shale in Montana resulted in preliminary in- 
vestigations by C. F. Bowen in the southwestern part of the State 
in the fall of 1916, the results of which were published soon after- 
ward, and in 1917 Е. T. Hancock examined shale outcrops in the 
region south of Great Falls. Тһе results of these two examinations 
were sufficiently interesting to warrant further work, and in 1918 
D. D. Condit made a reconnaissance study of the black shales of the 
Phosphoria (Permian) and associated formations of the whole north- 
ern Rocky Mountain region. During this work shales associated 
with the phosphate-bearing rocks were examined in Montana, 
Idaho, Utah, and Wyoming, and about a hundred samples were dis- 
tilled for oil. Many of the samples were also analyzed for nitrogen 
and for phosphorus. 

J. P. Buwalda spent в large portion of the field season of 1918 
studying in.detail the Tertiary oil shales in northeastern Nevada, 
especially near Elko, where steps have recently been taken to com- 
mercialize the shales. He collected and tested samples, studied and 
mapped shale outcrops, and made a thorough study of the general 
conditions which are of interest in view of the possible establishment 
of an oil-shale industry in that vicinity in the near future. 

The oil-shale fields of the Rocky Mountain region are shown on 
Plate I. 

TESTING APPARATUS. 


At the very beginning of the oil-shale investigations by the geolo- 
gists of the Geological Survey it was realized that the field men could 
carry on their investigations much more intelligently if they knew, 
while in the field, how much oil would be yielded by material of any 
particular type when distilled, and an apparatus that could be oper- 
ated in the field by the geologist was therefore designed. Тһе 
first outfit was not perfect, but the results of the first two years’ 
experiments furnished data upon which to base the construction of a 
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field testing outfit which has proved very satisfactory, and according 
to comparative tests recently made by the Bureau of Mines the care- 
ful use of this outfit gives results which are not far divergent from 
the results that may be expected when the same shales are treated 
in а commercial-sized retort such as that used in the oil-shale industry 
of Scotland. 


LARGE DISTILLING APPARATUS. 


Woodruff and Day in the first season's work (1913) used a large 
apparatus which necessitated the mining of a sample of shale weighing 
100 pounds or more and which required from seven to eight hours for 
each test run. The retort into which the shale was charged consisted 
of a section of 12-inch iron casing pipe 4 feet long, having flanges 
screwed on the ends and a removable iron plate with asbestos gaskets 
fitted to each flange. On one side of the retort were fitted a small 
steam dome, a pressure gage, and a safety valve. From the top of 
the dome a pipe led to а block-tin condensing coil in а small water- 
filled tank. The coil discharged into Wolff bottles set in series and 
provided with stopcocks so that the liquids could be drawn off with- 
out interfering with the operation of the condenser. During the 
operation the retort was suspended by iron supports in a narrow 
trench cut in the ground, covered with iron plates and earth, and a 
flue erected at the back. Heat was obtained from a wood fire placed 
under the retort. 

In the distilling operation the head plate was removed, the retort 
charged with shale broken into pieces not larger than 4 inches in 
diameter, the head plate replaced, fire started to give a gentle heat 
at first and gradually increased until the lower part of the retort 
became red hot, then held constant until near the end of the opera- 
tion, when it was increased for a short time and then allowed to 
subside. The products obtained were water vapor, gas, oil and gas, 
and finally only gas in the order named. From seven to eight hours' 
heating was required for a charge. 


SMALL DISTILLING APPARATUS. 


Тһе apparatus described above, being large and not easily trans- 
ported and eventually becoming unfit for use through leakage, was 
abandoned and replaced by a still which required a sample weighing 
only about 1 pound and which was heated by gasoline torches. With 
two of these smaller distilling outfits four samples of shale were 
tested easily in one working day, whereas only one sample of shale a 
day could be tested with the larger apparatus. 

The distilling apparatus used in 1915 (see Pl. ID), which is similar 
to that used during the later part of the 1914 season but much more 
compact and lighter, consists of the following essential parts: 
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FIELD WORK, 11 


Two Barthel gasoline blast lamps. 

One half-pint iron mercury retort, with delivery tubes. 

One brass condenser. 

Two ring stands. 

One 33-inch ring. 

One large condenser clamp. 

One receiver for condensed liquids (50 cubic centimeter glass graduate). 
One ammonia scrubber (8-ounce bottle filled with glass beads). 

Two pairs combination pliers. 

One postal balance. 

6 feet of rubber tubing. 

Glass tube for connecting condenser, receiver, and ammonia scrubber. 
One glass separatory funnel. 

A battery of four of these retorts can be operated by a single person 
without inconvenience, and the retorts with all necessary equipment 
such as condensers, burners, supports, a small iron mortar for crush- 
ing the shale, and a balance, can easily be packed in a box 1 foot 
deep, 18 inches wide, and 3 feet long. 

Because of its simplicity and because its flame can be adjusted to 
any desired angle or length, the Barthel blast lamp was chosen to fur- 
nish heat for the still. This lamp consists of a small spherical gasoline 
tank with burner, mounted on an iron base in such a way that the 
burner may be turned at any angle. To manipulate the burner the 
tank is first filled nearly full of gasoline and the cap securely screwed 
down. Gasoline is placed in the small cuplike depression around the 
burner and lighted. When this gasoline is burned out, sufficient 
heat will have been produced to generate gas under pressure, which 
may be lighted at the end of the burner on opening the burner valve. 
If the flame is yellow or sputters the burner is not sufficiently hot and 
must be reheated. The gasoline tank of each burner holds sufficient 
fuel to keep the blast burning about two hours. Inasmuch as each 
distillation of shale requires from three to four hours, two burners 
are used with each retort. The second burner may be most easily 
lighted by playing the flame of the first on it. | 

ла as the Barthel lamp i is of foreign make and could. nét 
be obtained during the war, it was necessary to substitute other 
apparatus for heating the retorts. Ап ordinary plumber's torch 
with а stand so adjusted that the flame may be directed upward 
may be used, or a more elaborate equipment, consisting of self-heating 
burners with connection to a gasoline pressure tank, makes a very 
satisfactory combination. 

Тһе vessel in which the shale is to be heated is an ordinary half- 
pint iron mercury retort, which is equipped with close-fitting lid and 
clamp and an iron delivery tube. The delivery tube is fastened to the 
inner tube of the condenser by a small brass plumber's union, which 
provides a very easily disconnected joint. The retort is held in place 
above the flame of the burner by a ring and ring stand. 
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The condenser used in the outfit consists of an inner tube of thin 
brass three-eighths of an inch in diameter and 15 inches long, to one 
end of which is soldered a small brass plumber's union. This inner 
tube is surrounded by a second thin-walled brass tube 13 inches in 
diameter and 11 inches long, which is provided with a two-hole 
rubber stopper at each end, one hole being for the inner tube and the 
other for а small brass tube 2 inches long to provide connection for 
the entrance and waste of the water which is circulated between the 
inner and outer tubes to keep the inner tube cool. The delivery tube 
from the retort is so bent that when the retort is in an upright position 
the condenser will be turned at an.angle of about 40° from the hori- 
zontal. Тһе condenser is held in position by a single clamp, attached 
to a ring stand. 

'The water for cooling the condenser may be had from waterworks, 
or if no running water is at hand a tank or tub may be stationed near 
the condenser, at a slightly higher level, and the water conveyed over 
the top by a siphon entering the condenser at the lower end and 
wasting at the upper end. 

'The receiver for the condensable products of the distillation con- 
sists of a 50 cubic centimeter glass graduate, provided with a two- 
hole rubber stopper, through which are thrust two glass tubes, one 
for the entrance of the liquids and permanent gases from the con- 
denser and the other for the escape of the permanent gases to the 
ammonia scrubber. Тһе glass tubes have a diameter of about a 
quarter of an inch and are bent at the proper angles to make con- 
nections with the condenser and scrubber. The tubes should barely 
penetrate the cork. 

The ammonia scrubber consisted of an ordinary glass cylinder or 
8-ounce wide-mouthed bottle, provided with a glass tube reaching 
nearly to the bottom of the bottle for the entrance of permanent gas 
from the receiver. The bottle is filled with glass beads, which provide 
additional surface and a means of breaking up the gas into small 
bubbles as it passes up through a 10 per cent solution of sulphuric 
acid. It was found after some experimental work that the determi- 
nation of the ammonia as described above was not satisfactory, 
inasmuch ав 8 considerable part of the nitrogen in the shale is not 
converted into ammonia until after all the oil is driven off and higher 
temperatures are reached, and there is a tendency on the part of the 
operator to discontinue the distillation as soon as oil ceases to be 
evolved. During the last two seasons’ work, therefore, no attention 
was paid in the field to products other than oil, and it was thus 
possible to eliminate the ammonia scrubber. In this work 2-ounce 
samples of the shale were sent to the chemical laboratory for total 
nitrogen determinations, from which the theoretical number of 
pounds of ammonium sulphate that can be obtained from a ton of 
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shale is computed by simply multiplying the percentage of nitrogen 
by the factor 94.2. 

The pliers are used for handling the retort, the postal balance to 
weigh the sample of shale, and the glass separatory funnel to separate 
the oil from the water derived from the shale. 

In order to determine the quantity of oil that may be derived 
from a sample of shale the shale is first pulverized to pass through a 
screen of i-inch mesh. After thorough mixing а sample eee 84 
ounces is so selected as to represent the entire quantity. This sample 
is placed in the iron retort and the cover is securely fastened. Іп order 
to prevent leaks the joint between the cover and retort bowl is 
plastered with a thick paste made of a mixture of powdered graphite 
and glycerine, or in case of necessity lampblack and vaseline may be 
used. The delivery tube from the retort is then coupled with the 
inner tube of the condenser, and cool water (not ice water) is started 
circulating through the condenser. The blast lamp is then lighted 
and placed beneath the retort, with the flame turned as low as pos- 
sible. After heating about 10 minutes water and oil will begin to 
condense and be delivered into the receiver. Gentle heat should be 
applied to the retort as long as any oil is delivered to the receiver, 
then the flame of the burner may be lengthened until at the end of 
three or four hours the burner will be at full blast, the retort will be 
red-hot, and the shale will cease to yield either oil or gas. The prod- 
ucts of the distillation are then measured; the quantity of oil and 
the quantity of water in the receiver are recorded. The yield of oil 
in United States gallons to the short ton of shale is equal to the 
number of cubic centimeters of oil in the receiver, provided the 
sample of shale used weighs 8$ ounces. The oil obtained from the 
distillation should be placed in a small bottle for the determination 
of its specific gravity, which can best be made in the laboratory. 


POCKET TESTING APPARATUS, 


In some of the work it has not been practicable to carry the quan- 
titative testing apparatus into the field, but it has been found possi- 
ble to make rough estimates of the richness of shales by the use of a 
small alcohol torch and a glass test tube. (See Pl. IIT.) This outfit 
is so simple and the data furnished by its use are so valuable that no 
geologist interested in the study of sedimentary rocks can afford to 
work without it in his field kit. 

Тһе outfit consists of а Hess soldering torch which burns alcohol 
and several glass tubes 4 or 5 inches long by three-eighths of an inch 
in diameter and closed at one end. The torch is for sale by Hess & 
Son, 2910 North Sixteenth Street, Philadelphia, Pa., and by some 
hardware stores in the larger cities. In making a test for oil or oil- 
forming substances about 1 gram of powdered rock is placed in the 
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bottom of the glass test tube and heated to redness. The presence 
of oil or oil-forming substances is shown by the evolution of white 
or yellow-brown fumes, and the richness of the sample is indicated 
by the relative quantity of oil condensed on the cool walls of the 
glass tube away from the flame. This apparatus provides a means 
of determining in the field whether shale will yield much or little oil, 
and with practice the operator will find it possible to estimate the rich- 
ness of shale within 15 or 20 per cent of the true value. 


OIL SHALE. 
PHYSICAL CHARACTER. 


The term “ой shale” as used in this report is applied to a shale 
that contains materials from which oil may be made by distillation 
as distinct from а shale that contains oil which can be extracted 
with & solvent or which may be obtained by penetrating the bed 
with a drill. Thus the tough, dark shales of the Green River for- 
mation of Colorado, Utah, and Wyoming and the Tertiary shales of 
Nevada (Green River?) are considered true oil shales, whereas the 
locally impregnated shale of the Monterey group of southern Cali- 
fornia is not, inasmuch as the oil it contains may be almost entirely 
removed by treatment with a solvent such as chloroform. 

The oil shales of the Rocky Mountain region present a large variety 
of types. Even in a single locality there may be several distinct shales, 
each of which is sufficiently rich in oil-forming materials to be of 
commercial interest. The phosphatic oil shales of the Phosphoria 
formation, for example, are very dark brown or black, but the richer 
shales of the Green River formation range in color from jet-black like 
coal to light brown, and the rich Tertiary oil shales of the Elko 
district in Nevada and the Tertiary shales of southwestern Montana 
range from brown to light yellow. Most of the richer oil shales 
have a waxy or velvet-like luster, but some of the rich shales of 
Elko and southwestern Montana are dull and stony. Most shales 
are thinly laminated, but in some of them the laminations are not 
evident (see Pl. IV, A) until they have been heated and the oil 
driven off. Many of the shales that weather to paper-thin laminae 
may be found apparently massive and homogeneous in unweathered 
condition. Oil shale is almost always very fine grained, free from 
grit, and slightly calcareous. In weathered outcrops most of the 
richer shales are bluish, probably owing to the presence over the dark 
surface of the unweathered material of a thin film of white calcite or 
aragonite. 

Some of therich oil shales consist of alternating lightand dark bands 
which are compacted into an apparently homogeneous mass, and in 
some places these bands are contorted and broken and recemented, 


729 PLATE IV 


BULLETIN 


H 
q 
(51 
d 
o 
[es 
u 
o 
u 
Б 


“queysIser 
910UI 919 5189$ IYJ әү], ‘5189$ Jood рив yor Зо 
-увиләзүе Sururejuoo рәд Jo багәцувәл оцвтәловлоцо SMOYS 


"ОЛА “ЧЯЛІН МЯЯЧО "IVHS TIO HAISSVIN 
ЯО HInOS WIVHS TIO AO аня OSNTIIdNWVS 74 НОІН ЯО ЭМІЧЯНІУЯМА OLLSIYULOVUVHO 'F 


EM i 


AI SLLV'Id | 662 NILATIONG AGAUNS TVOIOOTOSO 'S'n 


17. S. GEOLOGICAL SURVEY BULLETIN 720 PLATE V 


А. CONTORTED *VELVET" OIL SHALE FOUND NEAR GRAND VALLEY, COLO. 


B. THIN-BEDDED OIL SHALE, SHOWING FLEXIBILITY. 


PHYSICAL CHARACTER. 15 


Suggesting that the material had been subjected to movement and 
crushing after it was partly solidified. (See Pl. V, А) ‘The rich 
oil shales of the Green River formation are very tough, rubbery, and 
even flexible (Pl. V, B) im thin-bedded specimens. Almost any oil 
shale is hard to cut or break with an ax or pick. When freshly 
broken oilshale gives off a peculiar odor like petroleum, although 
the rock contains but little oil as such. Thin slivers of an oil shale 
that yields more than 15 gallons of oil to the ton will burn with a 
sooty flame when ignited with a match. 

The bituminous content of the oil shales renders them less sus- 
ceptible to attack by the elements than most of the sedimentary rocks 
with which they are interstratified. "Their toughness and hardness 
hinder disintegration, so that in many weathered hillsides the rich 
beds stand out as prominent ledges and the slopes below may be 
strewn with flags of oil shale. (See Pl. IV, B.) 

Oil shale is heavier than coal and has a very high ash content 
(about 60 per cent as compared with 10 per cent in coal), and in 
general the shales that are lightest in specific gravity are the best 
producers of oil. 


Relation of the specific gravity and ash content of oil shale of the Green River formation 
of Colorado and Wyoming to the amount of oil that can be distilled from the shale. 


vit 
of oi А Ash con- 
д Specific |; 
Locality. (gallons nare tent (per 
fothe | gravity. aot 
ton). 
ЮМ POU EE, pie М Е US ДА by) SA ae ie ke 15 2.21 60.5 
Roan Creek, Colo................ vies 27 2.11 40,6 
Sec. 27, T.78., В. 100 W., Colo.. 44 1.69 51.3 
Тае ан E 50 1.89 50.4 
бес. 15, T. 7 S., В. 96 W., Colo... EN. 62 1.69 49.7 
Барыр е Овес, ООП е» кырен екен c ilie ista isses ied ісе 75 1.59 56.3 
bi ds MERC E dE E TE E E eiie Mr 90 1.39 39.9 


Under the microscope the rich oil shale of the Green River forma- 
tion consists of minute laminae of light-colored, partly crystalline 
material, probably largely mineral, interbedded with dark bands of 
nonerystalline material, probably largely organic. 

In any one locality there may be several distinct types of oil- 
yielding shale—black massive shales with conchoidal fracture that 
resemble cannel coal; thinly but irregularly laminated “velvet” 
oil shales (РІ. V, A); thin-bedded dark shales known locally as paper 
Shales; very thinly bedded light-brown shales which in weathered 
outcrop present peculiar curly forms; and massive bedded shales of 
various hues of brown. Hach of these shales presents peculiar 
problems for the miner and for the retort engineer, and each may 
require slightly different handling to give the best results. 
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CHEMICAL CHARACTER. 


No complete analyses of American oil shale have been made, but 
“ultimate” analyses such as are made of coal show the following 
results. In these analyses the inorganic materials of the shale ap- 
pear largely as ash. 


Analyses of samples of shale from the Green River formation in Colorado and Utah and 
the Tertiary shale (Green River?) of Nevada. 


[Made at the Washington laboratory of the Bureau of Mines; J. D. Davis, chemist in charge.) 


Location. Proximate. Ultimate. Heat- 

Sam- nom 52 | 5 573 айе 

pie analy-| rois soa" [Fixed Ну- Ni- ritish 

No. aY- Mois-| tile Sul-| 22У- | Саг- | 27 | Оху-| ther- 

State. Sec. T. В. | sis. | ture. | mat- ise | Ash phur, CS ТҮЙ, ио; деп, | mal 

ter. fi eels Белп; units) 

A | 1.05 33.55 (c) | 65.43 0.27 1.80) 13.37| 0.39] 18.74| 2,266 

4 | Uteh...-. ОЕ ы cem 33.91| (c) | 66.12) .28| 1.70] 13.51| .39 18.00] 2,290 

аа а) А |71705) 4504 (е) | 45.731 1.07 5.19 36.76) .39 10.86] 7,714 

--| (@) |е ЖЕСЕ (9 46.21 1.08 0.18 27.18) .39 10.04. 7,7% 

18 19:55| (с 00] 1.08] 1. ШЕТІН 1/15 

27 | Colorado..| 1111. 97 W.| С |... 20,19, (c) | 81.59 1,12 1.44| 8,61 .48| 6.76) 1,196 

A 4b 37.90] (c) | 62.65| .55 2.70 22.48  .54| 11.02 4,012 

на еее SEE UE 
39.85 (c) | 59.95) .30| 2.24| 18.87 18. 

Е rr UE EE T RENT. 
5| 51.6 c М . 92| 36.44 Q. 

57 ...do..... 1| 78.| 98 м. { es o 52.04| (<) | 46.63} .96| 4.26] 36.71, 1.23] 10.21| 7,036 


a Analysis A represents the composition. of the sample as it comes from the ground. Analysis C repre- 
senis the theoretical condition of the shale after all the moisture has been eliminated. 

b Soldier Summit, Utah. 

c The conditions of heating in the volatile matter determination are different from those in the ash deter- 
mination, and owing to different reactions the quantity of inorganic residue is not the ваше in both. Аз 
а result, tre value of the fixed carbon is for some examples negative. 

а Elko, Nev. 


Both the nitrogen and the sulphur in oil shale are to play important 
parts in the commercial development of the oil-shale industry—the 
nitrogen because it may be converted into products worth recover- 
ing, and the sulphur because of its tendency to enter compounds 
which, if allowed to remain in the oil, will be a serious detriment to 
the oil. In the oil shales of the Green River formation of Colorado, 
Utah, and Wyoming the percentage of nitrogen is greatest in the 
shales that will yield the most oil when distilled and is least in the 
leanest shales, and the relation is so remarkably constant that it is 
possible by the use of the following formula to estimate fairly accu- 
rately the percentage of nitrogen in any oil shale of that age from the 
figure representing the shale’s richness 1п oil: 


Nitrogen (per cent) =0.102 + (0.0133 x gallons of oil per ton of shale). 


The diagram in figure 1 presents the data from which the formula 
was derived. The percentage of nitrogen in each of more than 100 
samples of oil shale is plotted as ordinates and the number of gallons 
of oil that can be distilled from a ton of the same samples is plotted 
as abscissas. The line represents the average relation of these two 
factors and is expressed by the formula given above. 
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Because of the close relation shown to exist between the oil and 
nitrogen it seems fair to conclude that the nitrogen in the shale is also 
largely organic rather than a part of the mineral matter. The sul- 
phur in the shale (see table on pp. 69-72), on the contrary, appears to 
bear no relation to the oil and therefore perhaps is derived in large 
part from the inorganie portion of the shale. If this is the case, then 
it should be less difficult to prevent the sulphur entering the shale oil 
in the form of damaging compounds. 

The black shales of the Phosphoria formation in some places in the 
Rocky Mountain region contain small percentages of phosphate, 
but only a few of the many samples tested by the United States Geo- 
logical Survey have proved sufficiently rich in oil or phosphate or even 
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FIGURE 1.—Diagram showing relation of nitrogen in oil shale of Green River formation to yield of oil from 
the same shale. 

іт the two combined to be of especial interest. The only shales of this 

age that gave oil in sufficiently large quantity to be of interest came 

from the Dillon-Dell region in southwestern Montana. A discussion 

of the extent, richness, and value of these shales is given in the section 

on Montana oil shales. 

Potash is common in oil shale, as it is in many other rocks, but in 
none of the samples so far examined has there been found an appre- 
ciable amount of soluble potash, the form required to make it of value 
as a fertilizer. 

Reports of oil shale containing gold, platinum, zinc, lead, silver, 
antimony, and other metals have been circulated, but as yet no oil 
shales carrying appreciable amounts of any of these metals have been 
brought to the attention of the Geological Survey. Such shales may 
be found, but it is almost certain that they will be very slight in 
extent and therefore practically valueless. 

93613°—23—Bull. 129——2 
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DISTRIBUTION. 


GENERAL GEOLOGY. 


FORMATIONS CONTAINING OIL SHALE. 


In the Rocky Mountain region carbonaceous materials from which 
oil may be distilled are to be found among the rocks of nearly every 
geologic period from the Devonian to the Quaternary, but by far the 
richest and most extensive deposits are those belonging to the Green 


River formation, of Eocene age. 


It should be pointed out that up to 


the present time the Survey’s study has been confined largely to these 
richer shales and that more careful search may reveal shales of con- 
siderable value belonging to formations that do not now appear to be 
of especial interest 


Stratigraphic relations of samples of shale from the Rocky Mountain region distilled 


for ой. 
Colorado, Montana. 
Geologic age. i Oil yield Oil yield 
Formation. | тре | усен Formation. ЕЕЕ (gallons 
| їоп). ton). 
lOlipocenoe. че-нить rms “Tertiary”... 205, 412-421 0-36 
Шосеве.........----< Green River... ПАРТА AIRE Toler суы е жЕ ЕЕЕ uere > 
187-193 18-42 į 
221-229 9-30 
233-259 7-34 
262-376 6-70 
Wasatch (?)..... 230-232 12-22 
260-261 22-24 
Mpper Сгефасеоив...|.................41..................... Colorado shale. . 208-212 0-2 
| (2) 392 12 
Рөгшіап........-...|...-.--.-..-«-..-«|-е-«««-«>-4|4-----.-... Phosphoria...... 204 24 
206 9 
207 3 
893-411 Trace-21 
517 6 
; 524A 3 
Ponnsylvanian ала |,...---.----------|:----4-::------------ Quadrant....... 377-386 | 0-19 
Mississippian, 1 1 j 
өн. ы. а Б M aede д Бына алы ЖЕЙК, ic 387-891 0-10 
и 
Nevada Idaho. 
Geologie age. Oil yield Oil yield 
Formation. филне ив Formation. ‚ле я 
ton). ton). 
QUE EET ATT yop ен очен ien m cnim e enr (2) 468 20 
Oen. Lore а Green River (2). 6,192 GRO SONS A A ы Е МЕ ЖОНИНЕ Чары ка 
480-485 11-70 | 
О ДЕБИ н алалы е ЛЕС сы Frontier......... 459-462 2-38 
Permian | | Phosphoria ... .. 196 6 
s 426-429, 8 
432-4497 0-Тгасе 
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Stratigraphic relations of samples of shale from the Rocky Mountain region distilled 
for oil—Oontinued. 


Utah. Wyoming. 
Geologie age. 4 | e ү Oil yield 
T ample gallons |. p ne Sample (gallons 
Formation. No. Е Formation. No. VATES 
| ton). ton). 
| 
ІНОбел6 one е Аел Green River..... 5 11.9 | Green River..... 5 29.4 
58- 91 1-90 92-131 3-50 
133-186 2. 5-50 467-472 4-31 
Upper Cretaceous...| Colorado cannel 218 70 | 'Thermopolis.... 219 0 
coal). Mowry.......... 220 1 
? 478 5 
Bear River...... 464—466 1-11 
на БЫ. ЕО 10x54 ÉL XLI. АШК Phosphoria...... 422-425 0 
430-431 Trace. 
450-458 
Mississippian. ....... (2) 474 usos At 558 Вене SA. E. 
: (?) 475 


A study of the table reveals the fact that in general the older 
shales are leaner than the younger ones. ‘This difference may be 
due to difference in original richness or to difference in conditions 
affecting the subsequent alteration or to both causes. It seems 
possible, if not probable, that the older shales may some day have 
been as rich as the younger shales and that pressure and rock de- 
formation have converted the carbonaceous material of the older 
shales into oil, which has, since its formation, escaped into porous 
sands or other convenient places, whereas in the younger beds these 
factors have either not been effective at all or they have not been 
active in sufficient intensity or for sufficiently long time to allow the 
conversion of the oil-forming substances into liquid ой. McCoy ® has 
proved by experiments that liquid oil may be formed from oil shale 
which does not contain free oil, by the proper application of pressure, 
without the application of heat. In his experiments McCoy has 
submitted shale to conditions which it is probable are similar to 
the conditions to which shales may be subjected in nature. The 
effect of the heat applied in the commercial shale retort is in McCoy’s 
experiments replaced by the combined agents pressure and rock 
flowage. 

DEVONIAN. 

Material from the Threeforks formation, which contains dark- 
colored shales, has been examined and tested at several places in 
west-central Montana. . These shales are badly deformed, and any 
oil-forming substances they formerly contained must have been 
almost entirely transformed and the hydrocarbons expelled, for even 


: 8 МеСоу, А, W., Notes on principles of oil accumulation: Jour, Geology, vol. 27, No. 4, pp. 252-262, 
919. 
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the best sample showed only 2 gallons of oil to the ton. А sample 
of coal from the same formation upon distillation gave 10 gallons 


to the ton. 
MISSISSIPPIAN, 


Dark shales of Mississippian age were sampled and tested at two 
localities in northeastern Utah, but neither sample was found to 
give more than a trace of oil. 

PENNSYLVANIAN AND MISSISSIPPIAN. 


The Quadrant formation in west-central Montana includes dark 
shales at several localities. Samples were collected and tested from 
several beds near Adel post office, in Meagher County, where the 
best sample showed 19 gallons to the ton and most of the samples 
gave only 2 to 7 gallons. At this point the beds are badly folded, 
so that the result is not at all surprising. Samples from three other 
localities in the same State gave no oil when distilled. 


PERMIAN. 


Тһе Phosphoria formation, of Permian age, was examined in 
considerable detail in Montana, Idaho, and. Wyoming by. D. D. 
Condit and 72 samples from this formation have been distilled. 
Тһе association of the oil shale with beds carrying appreciable per- 
centages of phosphate made it appear that perhaps the two might 
be profitably worked together, but in most places where the shale 
is rich in oil-forming substances neither the associated shales nor the 
oil-yielding shales themselves are sufficiently rich in phosphorus to 
make them particularly attractive. In general the shales of this 
formation are richest in the southwestern Montana region and are 
progressively leaner toward the south; the samples from the area in 
southeastern Idaho where the beds are associated with high-grade 
phosphate rock yield little more than а trace of oil. The oil shales 
of the Phosphoria formation are so nearly black that they have 
been mistaken for coal by prospectors at many places along their 
outcrop. Тһе beds practically everywhere dip steeply and in many 
places are extensively faulted. 

TRIASSIC, JURASSIC, AND LOWER CRETACEOUS. 


Up to the present time no shale from the Triassic, Jurassic, and 
Lower Cretaceous beds has attracted the attention of those who 
‘have been looking for oil shale, and therefore no samples have been 


tested. 
UPPER CRETACEOUS. 


Shale and coaly material from beds of Upper Cretaceous age have 


been examined, but the results have not been especially encouraging. 
Samples of the dark-colored Mowry shale, the Thermopolis shale of 


1 Op. cit, 
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the Big Horn Basin, Wyo., and the Colorado shales of Montana gave 
very little oil when distilled. Coal and associated carbonaceous shale 
from the Bear River formation in western Wyoming and from the 
Frontier formation in eastern Idaho gave more encouraging results, 
but it is probable that the beds from which the godd tests were 
obtained are neither thick nor extensive. In southern Utah there 
is, near the base of the Upper Cretaceous beds at one locality, а 
bed of cannel coal. Аз afresh sample of this coal was not available 
it was necessary to use in the test а sample that had been inclosed 
in a glass jar for about 10 years, and the results are therefore prob- 
ably not accurate. However, this coal gave oil at the rate of 70 
gallons to the ton and therefore is of considerable interest, inasmuch 
ав its percentage of nitrogen is also relatively high. Хо information 
is available as to the area underlain by this bed, although Richardson, 
who collected .the sample in 1907, expressed the belief? that in all 
probability the bed was only local in extent. 


EOCENE. 


Up to the present time shale yielding oil on distillation has been 
studied in the Wasatch (?) and Green River formations of the 
Еосепе series. Іп northwestern Colorado thin-bedded, papery shales 
occurring below red and green clay shales are tentatively referred 
to the Wasatch formation, and tests on beds of this zone gave oil 
&t the rate of 12 to 24 gallons to the ton. "The extent of these beds 
is not known, but because of the general lenticular nature of beds 
of the Wasatch formation it is probable that they are neither con- 
tinuous nor of regular thickness. However, inasmuch as the samples 
were taken from two localities rather widely separated it is possible 
that careful study might locate beds of sufficient thickness and 
extent to make them of commercial importance. 

By far the most extensive and rich oil shales of the United States 
and perhaps of the world belong to the Green River formation of 
Colorado, Utah, and Wyoming and the Tertiary shales (Green 
River?) of Nevada. The rich shales of Colorado are the exact 
equivalent of those in northeastern Utah, and the rich oil shales of 
southwestern Wyoming are of approximately the same age, but 
those near Elko, Nev., may be.slightly younger. 

The Green River shales of the Uinta Basin in Colorado and Utah 
and of the Green River Basin of southwestern Wyoming and the 
shales of the Elko Basin of Nevada contain fossils in abundance, 
both megascopic and microscopic. The writer has made several 


8 Richardson, G. B., The Harmony, Colob, and Kanab coal fields, southern Utah: U. 8. Geol. Survey 
Bull. 341, p. 394, 1909. 
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collections, which included shells, insects, leaves, fish, and bird bones. 
Scudder and others have made collections from these same beds at 
different times, and & more or less complete list of the species so far 
collected from the Green River formation is included in this report 


(pp. 23-31): 
Of the fossil insects, а complete list of which follows, Dr. T. D. A. 


Cockerell says: 


The Mesozoic insects are very modern in appearance when compared with those 
of the Paleozoic; but it is not until we come to the Eocene that we find an extensive 
fauna of essentially modern type, including a number of genera still living. From 
the Eocene rocks, generally classed as of Green River age, in Colorado, Wyoming, 
and Utah no less than 279 species of insects have been described. This is an extensive 
series but is only a beginning. Hundreds of additional specimens have been col- 
lected, mainly by Scudder and Winchester, and from their reports it is certain that 
many: thousands could readily be obtained. New collections will always contain 
only a small percentage of really fine specimens, but where the materials are so 
abundant many beautiful things may be confidently expected. The records of 
Eocene insects outside of the Rocky Mountains are very few. Eleven, nearly all 
beetles, are recorded from Greenland; one beetle from Grinnell Land; seven species 
from Italy; four from England—23 species altogether. Ап odonatid larva (Austro- 
lestidion duaringae Tillyard) from Australia is perhaps Eocene, possibly Cretaceous. 
Thus, were it not for the Rocky Mountain Eocene, we should be without a satisfactory 
Tertiary insect fauna lower than the Oligocene, the time of the Baltic amber. 

The time has not yet come for a detailed summary of the Rocky Mountain Eocene 
insect fauna, but a few points may be noted. We have ав yet no really large insects 
(the largest are dragon flies). Beetles аге very numerous, with 32 species. Orthoptera 
are represented by five species, Odonata by seven. No Lepidoptera have been 
found. Diptera are numerous and include some of the higher families. Several 
dipterous genera are identical with those now living. The Hymenoptera are mostly 
parasitic, including very characteristic Ichneumonidae and Braconidae. No bees 
have been found. The most striking feature is the abundance of Fulgoridae (26 
species), many of them broad-winged and mothlike, elegantly spotted or banded. 
These fulgorids have a tropical facies and closely resemble those now living in the 
Indo-Malay region. In the Rocky Mountain Eocene landscape gay and pretty 
Fulgoridae must have flitted about in abundance, looking like moths. If there 
were also genuine moths and butterflies, they must have been rather scarce, or some 
would have been found among the hundreds of specimens examined. A really satis- 
factory Eocene ant is still lacking. 

From the typical Green River beds of Wyoming about 140 species of insects are 
known. Although the Colorado-Utah series is assigned to the Green River it can 
hardly be contemporaneous with the Wyoming rocks, as the insects of the latter are 
essentially distinct. Only 15 species are at present recognized as common to the 
Wyoming Green River and the Colorado-Utah series, and it is not certain but that 
closer scrutiny and better materials will rather decrease than increase these numbers. 
Of course it is possible that the differences may be due in part to different ecologic 
conditions, though there is no distinct evidence pointing in this direction. 


The following is а list of insects which have been identified from 
the Green River formation, with the locality or localities from which 
each species has been collected: 


DISTRIBUTION, 25 


Insects (in the broad sense) and other arthropods of the Green River formation. 


[G., Green River, Wyo.; R. M., Roan Mountain, Colo.; С. B., Cathedral Blufis, Colo.; W., White River 
near Colorado boundary; U., Utah.) 


Diplopoda: 
Julidae: 
Julus telluster Scudder. б. 
Arachnida: 
Aranea columbiae Scudder. G. (Egg cocoon, doubtless distinct from 
the original A. columbiae from Quesnel.) 
Ixodidae: 
Ixodes tertiarius Scudder. G. 
Insecta: 
: Orthoptera: 
Acridiidae: 
Tyrbula multispinosa Scudder. G. (The fossil from  Florissantia 
supposed by Scudder to be this species is distinct; see Cockerell, 
T. D. A., Entomologist, January, 1914, p. 34.) 
Blattidae: 
Paralatindia saussurei Scudder. G. 
Gryllidae: 
Pronemobius induratus Scudder. G. 
Pronemobius tertiarius Scudder. G. 
Pronemobius smithii Scudder. ©. 
Pronemobius ornatipes Cockerell. G. 
Odonata: 
Zygoptera: 


Dysagrion fredericii Scudder. G. 
Dysagrion lakesii Scudder. G. 
Dysagrion packardii Scudder. G. 
Podagrion abortivum Scudder. G. 

‚ Eocalopteryx atavine Cockerell. G. 
Protamphipteryx basalis Cockerell. G. 
Eopodagrion scudderi Cockerell. G. 

Anisoptera: 
Stenogomphus carletoni Scudder. G. 
Stenogomphus seudderi Cockerell. б. 
Psocina: ' 
Psocidae: 
Paropsocus disjunctus Seudder. б. 
Trichoptera: 
Hydropsyche operta Scudder. С. 
Indusia calculosa Scudder. Horse Creek, Wyo. 
(Caddis case.) (?G.) 
Limnephilus eocenicus Cockerell. В. М, 
Hydrophila philcos Cockerell. С. B. 
Coleoptera (families arranged alphabetically): 
Anthribidae: 
Tropideres remotus Scudder. G. 
Hormiscus partitus Scudder. G. 
Cratoparis elusus Scudder. 6. 
Cratoparis repertus Seudder. ©. 
Brachytarsus pristinus Scudder. G. 
Choragus fictilis Scudder. G. 
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Coleoptera: 
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Continued. 
Continued, 
Bruchidae: 
Bruchus anilis Scudder. W. 
Byrrihidae: 
Nosodendron tritavum Scudder. G. 
Calandridae: 
Sciabregma rugosa Scudder. В. M. 
Sciabregma tenuicornis Cockerell. 
Calandrites defersus Scudder. К. М.; C. B. 
Calandrites cineratius Scudder. R.M.; C. B, 
Cossonus rutus Scudder. В. M. 
Carabidae: 
Neothanes testeus Scudder. б. 
Bembidium exoletum Scudder. W, 
Carabites exsnimus Scudder. U. 
Carabites eocenicus Cockerell. W. 
Carabites kincaidi Cockerell (larva). G. 
Platynus senex Scudder. G. 
Platynus caesus Scudder. G. 
Galerita marshii Scudder. G. 
Harpalus veterum Cockerell. R.M, 
Lebia protospiloptera Cockerell. 
Chrysomelidae: 
Lema? pervetusta Cockerell. R. M. 
Cryptocephalus vetustus Scudder. G. 
Cicindelidae?: 
Acindelopsis sophilus Cockerell. У. 
Cryptophagidae: 
Antherophagus priscus Scudder. б. 
Cucujidae: 
Parandrita vestita Scudder. б. 
Curculionidae: 
Sitona fodinerum Scudder. G. 
Sitona paginerum Scudder. В. M.; G. 
Limalophus compositus Scudder. @.; U. 
Limalophus contractus Scudder. G. 
Coniatus refractus Scudder. U. 
Apion evestigatum Scudder. R.M. 
Lepyrus? evictus Scudder. G. 
Listronotus muratus Scudder. G. 
Pachylobius deleticius Scudder. U. 
Pachylobius compressus Scudder. R. M.; G. 
Pachylobius depraedatus Scudder. В. М. 
Hylobius provectus Scudder. G. 
Hylobius packardii Scudder. G. 
Procas vinculatris Scudder. R. М,; U, 
Anthonomus soporus Scudder. G.; W.; R. M. 
Anthonomus revictus Scudder. 6. 
Gymnetron lecontei Scudder. G. 
Rhynomatus tabescens Scudder. R. M. 
Cryptorhynchus durus Scudder. К. М, 
Cryptorhynchus annosus Scudder. В. М.У 
Ceuthorhynehus degravatus Scudder. Б.М. 
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Tnsecta— Continued. 
Coleoptera—Continued. 
Curculionidae—Continued. 
Aulobaris апіс а Scudder. В.М. 
Aulobaris circumscripta Scudder. В. M.; U. 
Aulobaris comminuta Scudder. У7.; U. 
Centrinus diruptus Scudder. G. 
Dytiscidae: 
Laccophilus sp. Scudder (fragment of leg only). U. 
Elateridae: 
Epiphanis deletus Scudder. U. 
Corymbites velatus Scudder. б. 
Oxygonus mortuus Scudder. U. 
Adocetus luprestoides Scudder (22 millimeters long). Bluffs by Twin 
Creek, Fossil, Wyo. 
Erotylidae: 
Mycotretus binotatus Seudder. G. 
Hydrophilidae: 
Hydrochus relictus Scudder. 6, 
Tropisternus sculptilis Scudder. б. 
Tropisternus saxialis Scudder. G. 
Berosus sexstriatus Scudder. 6. 
Berosus tenuis Scudder. G. 
` Laccolius elongatus Scudder. G. 
Philhydrus primaevus Scudder. G. 
Hydrobius decineratus Scudder. 6. 
Hydrobius confixus Scudder. G. 
Nibidulidae: 
Phenolia incapax Scudder. G. 
Otiorhynchidae: 
Epicaerus exanimis (Scudder). G.; R. M.; W.; U. 


Epicaerus saxatilis (Scudder). G.; R. M. 
Epicaerus effossus (Scudder). G.; В. М.; U. 
Ophryastes compactus Scudder. G. 
Ophryastes petrarum Scudder. В. M. 


Ophryastes grandis Scudder. R. M. 
Ophryastites dipressus Scudder. W. 
Ophryastites disperditus Scudder. В. М. 
Exomias obdurefactus Scudder. В.М, 
Phyxalis dilapsus Scudder. G. 
Phyxalis excissus Scudder. В. М. 
Phyxalis evigoratus Scudder. W.; U.; Қ.М, 
Phyxalis eradicatus Scudder. В. M.; U. 
Otiorhynchus perditus Scudder. ©, 
Otiorhynchus sutterachus Scudder. В. М. 

^ Otiorhynchus tumbae Scudder (dubius Scudder). G. 
Otiorhynchus flaccus Scudder. В, M. 
Otiorhynthites tysoni Scudder. В. M.; G.(?) 
Otiorhynchites fossilis Scudder. Fossil, Wyo. 
Otiorhynchites commutatus Scudder. В. M. 
Neoptocus? sp. W.; В.М. 
Tanymecus secularum Scudder. 9. 
Entimus primordialis Scudder. W. 
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Insecta—Continued. 
Coleoptera—Continued. 
Otiorhynchidae—Continued. 
Syntomostylus rudis Scudder. В. M.; W. 
Syntomostylus? fortis Cockerell. G. 
Artipus? receptus Scudder. U. 
Phyllobius antecessor Scudder. В. М. 
Phyllobius carcerartus Scudder. W.; О, 
Phyllobius avus Scudder. U.; G. 
Scythropus subterraneus Scudder. G.; U.; R. M. 
Seythropus somniculosus Scudder. К. М. 
Scythropus? abacus Scudder. W. 
Endiagogus terrosus Scudder. R. M.; W. 
Ptinidae: 
Sitodrepa defuncta Scudder. G. 
Anolium? ovate Scudder. G. 
Anolium? deceptum Scudder. G. 
Anolium lignitum Scudder. G. 
Rhynchitidae: 
Eugnamptus grandaevus (Scudder). (5. 
Eugnamptus decemsatus Scudder. G. 
Paltorhynchus? lisuleatus Scudder. В. M. 
Teretrum quiescitum Scudder. G. 
Steganus barrandei Scudder. R. M. 
Scarabaeidae: 
Aegialia rupta Scudder. G. 
Melolonthites avus Cockerell. 
Scolytidae: 
Dryocoetes impressus (Scudder). б. 
Dryocoetes carbonarius Scudder. G. 
Polygraphus wortheni Scudder. В. М. 
Staphylinidae: 
Homalota recisa Scudder. 
Gyrophaena saxicola Scudder. W. 
Leistotrophus patriarchicus Scudder. W. 
Lathrolium abcessum Scudder. G. 
Bledius faecorum Scudder. G. 
Bledius adamus Scudder. G. 
Oxytelus pristinus Scudder. W. 
Staphylinites obsoletum Scudder. G. 
Physapodes: 
Melanothrips extincta Scudder. W, 
Lithadothrips vetusta Scudder. U. 
Palaeothrips fossilis Scudder. U. 
Homoptera: 
Aphididae: 
Lithaphis diruta Scudder (type from Florissant). 0. (?) 
Cercopidae: 
Cercopites umbratilis Scudder. G. 
Cercopites calliscens Scudder. G. 
Cercopis astricta Scudder. G. 
Cercopis (2 labs.) cephralinus Cockerell. С. B. 


X 


Palecphora patefacta Scudder. G. 
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Insecta—Continued. 
Homoptera—Continued. 

Fulgoridae: 
Aphana atava Scudder. W. 
Aphana rotundipennis Scudder. 
Lystra? richardsoni Scudder, G. 
Lystra? leei Scudder. 9. 
Fulgora granulosa Scudder. G. 
Fulgora populata Scudder. G. 
Cixius? besperidum Scudder. G. 
Oliarus? lutensis Scudder. G. 
Diaphlegma obdormitum Scudder. G. 
Oliarites terrentula (Scudder). G. 
Delphax senilis Scudder. W.; possibly U. 
Delphax veterum Cockerell. С. B. 
Hammapteryx reticulata Scudder. G. 
Hammapteryx? lepidoides Cockerell. С.В. 
Hammapteryx? ceryniiformis Cockerell. С. B. 
Lithopsis fimbriata Scudder. 6. 
Lithopsis elongata Scudder. G. 
Lithopsis delicata Cockerell. C. B. 
Lithopsis simillina Cockerell. К. M. 
Ficarasites stigmaticum Scudder, б. 
Eofulgorella bradburyi Cockerell. Near Rifle, Colo. 
Detyopsis scudderi Cockerell. В.М, 
Detyopsis packardi Cockerell. R. M. 
Protoliarus humatus Cockerell. C. B. 
Scoparidea nebulosa Cockerell. К. М. 
Dilaropis ornatus Cockerell. С.В. 
Callospilopteron ocellatum Cockerell. ©, 

Jassidae: 
Cicadula saxosa Scudder. б. 
Acocephalus adae Scudder. 9. 
Coelidia wyomingensis Scudder. Twin Creek, Wyo. 
Tettigonia priscomarginata Scudder. ©. 
Tettigonia priscovariegata Scudder. G. 
Tettigonia obtecta Scudder, W. 
Cicadella (broad sense) scudderi Cockerell. R.M, 
Erythroneura eocenica Cockerell. R. M, 
Bythoscopus lapidescens Scudder. W. 
Thamnotettix mutilata Scudder. б. 
Thamnotettix gannetti Scudder. G. 

Heteroptera: 

Acanthiidae: 
Lyctocoris terreus (Scudder). G. 

Corcidae: 
Corizus guttatus (Scudder), G, 
Jadera? interita. Cockerell. Rifle, Colo. 

Galgulidae: 
Necygonus rotundatus Scudder. G. 

Hydrobatidae: 
Telmatrechus parallelus. Scudder. Twin Creek, Wyo. 
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Insecta—Continued. 
Heteroptera—Continued. 
Lygacidae: 
Cholula triguttata Scudder, G. 


MOUNTAIN REGION, 


Pachymerus petrensis Scudder. U. 


Pentatomidae: 
Stenopelta punctulata (Scudder). 
Proeydnus mamillanus (Scudder). 
Necrocydnus gosiutensis Scudder. 
Cyrtomenus concinnus Scudder. 
Oydnopsis handlirschi Cockerell. 
Dinidorites margiformis Cockerell. 

Diptera: 
Anthomyiidae: 


G. 
6. (also said to occur at Florissant). 
G. 

G. 

Rifle, Colo, 


Anthomyia (broad sense) winchesteri Cockerell. С. B. 


Asilidae: 


Stenocinclis anomala Scudder. G. 


Asilus palaeolestes Cockerell. W. 
Asilopsis fusculus Cockerell. W. 
Bibionidae: 


Plecia pealei Scudder. Twin Creek, Wyo. 


Plecia dejecta Scudder. G. 

Plecia winchesteri Cockerell., С. 

Plecia woodruff Cockerell. Evac 
Blepharoceridae: 

Philorites johannseni Cockerell. 


B. 
uation Creek, Utah, 


Rifle, Colo. 


Philorites pallescens Cockerell, ©. В, 


Cecidomyiidae: 
Lasioptera recessa Scudder. W. 
Lithomyza condita Scudder. W. 
Jhironomidae: 
Chironomus septus Scudder. С. 


Ohironomus depletus Scudder. W. 


Chironomus patens Scudder. W, 
Conopidae: 
Poliomyia recta Scudder. G. 
ulicidae: 
Culex damnatorum Scudder. G. 
Culex proavitus Scudder. U. 


Culex winchesteri Cockerell. C. B. 


Corethra exita Scudder. W. 
Oyrtidae: 

Acrocera hirsuta Scudder. U. 
Dolichopodidae: 

Dolichopus sp. Scudder. G. 
Empididae: 

Rhamphomyia enana Cockerell. 


Protoedalea brachystoma Cockerell. С. B, 


Helomyzidae: 


Heteromyza detecta Scudder. У. 


Mycetophilidae: 
Sciara scopuli Scudder. С. 
Mycetophila occultata Scudder. 


W. 
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Insecta—Continued. 
Diptera—Continued. 
Mycetophilidae—Continued, 
Anatella tacita Scudder. G. 
Rhymosia strangulata Scudder. G. 
Gnoriste dentoni Scudder. U. 
Boletina umbratica Scudder. G. 
Boletina paludivaga Scudder. б. 
Sackenia arcuata Scudder. W. 
Sackenia gibbusa Cockerell. G. 
Anaclinia sp. Scudder. б. 
Sciophila hyattii Scudder. G. 
Diadocidia? terricola Scudder. G. 
Tetragoneura peritula Cockerell. Rifle, Colo. 
Diomonus palaeospilus Cockerell. G. 
Palaeoplatyura? eocenica Cockerell. С. В. 
Oestridae: 
Lithohypoderma ascarides (Scudder). W.; C. B.; U. (larva). 
The following probably belong to this group: 
“Musca” bibosa Scudder (larva). W. 
“Musca” hydropica Scudder (larva). W. 
“Musca” vinculata Scudder (larva). W. 
Platypezidae: 
Callomyia [=Callimyia] torporata Scudder. G. 
Callomyia hypolitha Cockerell. Rifle, Colo. 
Sciomyzidae: 
Sciomyza manca Scudder. G.; W, 
Sciomyza disjecta Scudder. б. 
Stratiomyidae: : 
Lithophysa tumulta Scudder. G. 
Nemotelus eocenicus Cockerell. W. 
Asarcomyia cadaver Scudder. G. 
Sargus vetus Cockerell. W. 
Syrphidae: 
Milesia? quadrata Scudder. G. 
Eristalis lapideus Scudder. W. 
Syrphus sp. Scudder. ©. 
Syrphus lithophidis Cockerell. С.В. 
Chilosia ampla Scudder. G. 
Psilota tabidosa Scudder. G. 
Tachinidae: 
“Тасһіпа” sp. Scudder. б. 
Muscoid, family uncertain; resembles Tachinilas. 
Acanthomyites aldrichi Cockerell. 
Therevidae: 
Eothereva simplex Cockerell. К. М. 
Tipulidae: 
Dicranomyia stigmosa Scudder. U.; W. 
Dicranomyia primitiva Scudder. U.; ?G. 
Dicranomyia rostrata Scudder. U. E 
Dicranomyia rhodolitha Cockerell. б. 
Spiladomyia simplex Scudder. W. 
Pronophlebia rediviva Scudder. W. 
Cyttaromyia fenestrata Scudder. U.; W. 
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Insecta—Continued. 


Diptera—Continued. 

Tipulidae—Continued. 
Tipula spoliata Scudder. G. 
Tipula sepulchri Scudder. 
(Т. tecta Scudder is probably Dicranomyia stigmosa, and Т. decrepita 

Scudder is probably D. rostrata. See Scudder, 1894.) 
Oylindrotome veterana Cockerell. В. М. 
Gonomyia scudderi Cockerell. В. M. 
Hymenoptera: 

Braconidae: 
Bracon laminarum Scudder. (т. 
Eobracon cladurus Cockerell. №. 

Ichneumonidae: 
Ichneumon petrinus Scudder. W. 
Mesochorus cressori (Scudder). (Referred by Brues to Mesochorus.) G. 
Rhyssa juvenis Scudder. G. 
Pimpla eocenica Cockerell. C. B. 
Espimpla grandis Cockerell. G. 
Glypta transversalis Scudder. G. 
Eclytus lutatus Scudder. G. 
Phygadeuon (broad sense) petrifactellus Cockerell. W. 
Tilgidopsis haesitans Cockerell. W. 

Chalcididae: 
Decatoma antiqua Scudder. G. 

Formicidae: 
Liometopun pingue. Scudder. U.; G. 
Lasius terreus Scudder. G. 
Camponotus vetus Scudder. W. 
Eoformica eocenica Cockerell. 

Myrmicidae: 
“Myrmica” sp. Scudder. б. 

Sphegidae (broad sense): 
Didineis? solidescens Scudder. G. 

Tenthredinidae: 
Taxonus nartoni Scudder. G. 


Е. Н. Knowlton, who has in recent years studied the floras of the 
region, has assembled the following list of plant species for the forma- 
tion. This list does not include the plants from Elko, Nev. 


Acer lesquereuxii Knowlton, Uinta County, Wyo. 
Acrostichum hesperium Newberry, Green River, Wyo. (Fish Cut). 
Ailanthus longe-petiolata Lesquereux, Uinta County, Wyo. 
Amygdalus gracilis Lesquereux, Uinta County, Wyo. 

Andromeda delicatula Lesquereux, Uinta County, Wyo. 
Antholithes improbus Lesquereux, Uinta County, Wyo. 

Aralia wyomingensis Knowlton and Cockerell, Green River, Wyo. 
Arundo reperta Lesquereux, Green River, Wyo 

Brasenia? antiqua Newberry, Green River, Wyo. 

Carpites viburni Lesquereux, Alkali station, Wyo. 

Cissus parrottiaefolia Lesquereux, Green River, Wyo. 

Cyperacites haydenii (Lesquereux) Knowlton, Uinta County, Wyo. 
Cyperus chavannesi Heer, Green River, Wyo. 

Equisetum wyomingense Lesquereux, Green River, Wyo. 
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Eucalyptus? americanus Lesquereux, Green River, Wyo. 

Euonymus flexifolius Lesquereux, Uinta County, Wyo. 

Ficus tenuinervis Lesquereux, Alkali station, Wyo. 

Ficus ungeri Lesquereux, Green River, Wyo. 

Ficus wyomingiana Lesquereux, Green River station, Wyo. 

Flabellaria florissanti Lesquereux, Uinta County, Wyo. 

Geonomites haydenii (Newberry) Knowlton, Green River, Wyo. 

Пех? affinis Lesquereux, Green River station, Wyo.; Carr Creek, Garfield 
County, Colo. 

Пех maculata Lesquereux, Alkali station, Wyo. 

Пех vyomingiana Lesquereux, Green River, Wyo. 

Juglans alkalina Lesquereux, Alkali station, Wyo. 

Juglans crossii Knowlton, Green River, Wyo. 

Juglans occidentalis Newberry, Green River, Wyo. 

Juglans schimperi Lesquereux, Green River, Wyo. 

Juncus sp. Lesquereux, Green River, Wyo. 

Leguminosites alternans Lesquereux, mouth of White River, Wyo. (probably 
Utah). 

Lomatia microphylla Lesquereux, mouth of White River (Utah?). 

Lygodium dentoni Lesquereux, mouth of White River (Utah?). 

Lygodium kaulfussii Heer, Green River, Wyo.; Little Duck Creek, Rio Blanco 
County, sec. 33, T. 4 S., R. 100 W., Colo. 

Musophyllum complicatum Lesquereux, Green River, Wyo. 

Myrica ludwigii Schimper, mouth of White River, Wyo. (Utah?); Camp Gulch, 
T.65., В. 99 W., Colo.; Carr Creek, Garfield County, Colo. 

Myrica salicina Unger, Green River, Wyo. 

Myrica sp., apparently new, sec. 33, T. 45., R. 100 W., Colo. 

Мутіса sp., new, Little Duck Creek, Rio Blanco County, Colo. 

Nordenskióldia borealis Heer, Green River, Wyo. 

Osmunda? sepulta (Newberry) Knowlton, Green River, Wyo. 

Parthenocissus tertiaria (Lesquereux) Knowlton, Green River station. Wyo. 

Phyllites fremonti Unger, Blacks Fork of Green River, Wyo. 

Phyllites sapindiformis Lesquereux, Green River, Wyo. 

Planera inaequilateralis (Lesquereux) Knowlton, Alkali station, 30 miles north 
of Green River, Wyo. 

Quercus castaneopsis Lesquereux, Uinta County, Wyo. 

Rhus lesquereuxii Knowlton and Cockerell, Green River, Wyo. 

Rhus nigricans (Lesquereux) Knowlton, Green River, Wyo.; Smith’s ranch, 
Greasewood Creek, Little Duck Creek, Rio Blanco County, Colo.; Camp 
Gulch, T. 6 S., В. 99 W., Colo. 

Rhus variabilis (Newberry), Knowlton, Green River, Wyo. 

Sabal powellii Newberry, Green River, Wyo. 

Salix sp., apparently new, sec, 33, T. 4 S., R. 100 W., Colo. 

Salix sp., Green River, Wyo. 

Sapindus dentoni Lesquereux, mouth of White River, Utah. - 

Sapindus obtusifolius? Lesquereux, Camp Gulch, Т. 6 8., В. 99 W., Colo. 

Sphaerites myricae (Lesquereux) Meschinelli, Green River station, Wyo. 

Zizyphus cinnamomoides (Lesquereux) Lesquereux, Green River, Wyo. 

Zizyphus longifolia Newberry, Green River, Wyo. 


Fossil fish have been collected in large numbers from the shale beds 
near Fossil, Wyo., and from several other localities, including Elko, 
Nev. Many of the specimens from the Wyoming localities are so 
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excellently preserved that they have been colleeted and sold as 
museum specimens and curios. 

Fresh-water shells are common in some localities, especially in the 
vicinity of Soldier Summit, Utah, and Elko, Nev. 

Bird bones were collected from the Green River beds near Ephraim, 
Utah, and bird feathers were found in shale associated with the rich 
oil shale near Grand Valley, Colo., but the collections were not suffi- 
ciently large to make it possible for the birds to be described. 

In addition to the fossils that are visible to the naked eye the 
microscope reveals many organic remains, mostly vegetal (Pls. VI, 
VID, only а very few of which have been studied and many of 
which are as yet undescribed. Dr. C. A. Davis at the time of his 
death in 1916 was busily engaged in a study of these microorganisms, 
but since then no one has continued the study, so the few notes that 
he left constitute our knowledge of them. Several hundred thin 
sections of the oil shale of the Green River formation had been pre- 
pared by Dr. Davis, and a few of these had been studied and photo- 
graphed. 

Flora of the oil shale of the Green River formation. 


[Notes by C. A, Davis, March 30, 1915.) 


Bacteria: Crenothrix and similar low filamentous types. 
Myxophyceae: Blue-green algae. 
Algae: 
Protococcaceae: Protococcus pediastrum. 
Conjugatae: Spirogyra. 
Fungi: Saprophytic molds, etc. 
Mosses: Spores probably from these plants. 
Pteridophyta: Ferns; annuli from fern sporangia. 
Spermatophyta: 

Gymnospermae: Pinaceae: Pollen of Picea and Pinus. 

Angiospermae: Pollen and fragments of cells, tissues, etc. Bark cells and resi- 
dues, small pieces, poorly preserved. In addition there are abundant and well- 
preserved remains of good size and of frequent occurrence, which seem to be 
structureless so far as cellular structures are concerned. However, they have 
definite and pretty regular forms and, in Dictyonophora, definite areas which 
carry well-marked and characteristic patterns which seem like cells but which 
show no cell walls. These anomalous forms seem to have been the most 
abundant organisms in the waters in which the shales were laid down and are 
evidently vegetables of a low order of development. They are manifestly in 
place as they grew, for they do not show in pressed-down masses but were buried 
in natural positions, very slowly. 


OLIGOCENE. 


In western Montana, near Dillon, shales and coaly materials are 
present in rocks of possible Oligocene age, which occupy narrow, 
elongate basins between the mountains. The oil-yielding shale is 
light brown when fresh and weathers to a cocoa-color or nearly 
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FOSSIL VEGETABLE MATTER OF OIL SHALE OF GREEN RIVER FORMATION. 


General views. From thin seclions prepared by C. A. Davis. A, Magnified 410 diameters; 
B, magnified 215 diameters. 
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FOSSIL VEGETABLE MATTER OF OIL SHALE OF GREEN RIVER FORMATION. 


Detailed views. From thin sections prepared by C. A. Davis. A, Pollen, magnified 245 diameters; 
В, left, yellow-green alga, magnified 740 diameters; right, (?), magnified 120 diameters; C, left, 
spores, magnified 200 diameters; right, fern annulus, magnified 685 diameters. 
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white. In the process of weathering the shale breaks up into thin, 
flexible laminae or flakes resembling manila paper. This shale does 
not give an odor of petroleum when freshly broken. It is interbedded 
with coarse and fine sandstone, sandy shale, and lignite. 


QUATERNARY, 


About 4 miles south of Soda Springs, Idaho, black shale of probable 
Quaternary age is exposed in the bank of Bear River. This shale 
gave a fairly good yield of both oil and nitrogen, but little is known 


about its extent. 
DETAILED INFORMATION BY STATES 
COLORADO. 
GENERAL FEATURES, 

The Green River formation, which includes nearly all the oil shale 
in Colorado, is present in four different areas in the northwestern 
part of the State. (See Pl. ҮШІ, in pocket.) Three of these aréas, 
the Piceance Creek basin, Battlement Mesa, and Grand Mesa, are a 
part of the great Uinta Basin of northwestern Utah and northwestern 
Jolorado, and the shale in these areas has been studied in considerable 
detail The outcrop of the rich oil-shale zone and the richness of the 
several members are fairly well known. 

These areas are all tributary to the Denver & Rio Grande Western 
Railroad, one of the main transcontinental railroads of the country, 
Whose main line passes through Rifle, Grand Valley, De Beque, and 
Palisade and joins the narrow-gage Marshall Pass line of the same 
railroad at Grand Junction, 12 miles southwest of Palisade. The 
Marshall Pass line traverses the valley of Gunnison River along the 
south side of Grand Mesa. 

Grand Junction, one of the largest towns on the western slope of 
the Rocky Mountains, is just outside the area shown on the map 
(Pl. VIID and is in the center of a very rich farming and fruit-raising 
country. De Beque and Grand Valley, at the mouths of Roan and 
Parachute creeks, respectively, are small but prosperous towns and 
with the commercial development of the oil shale should become the 
centers of considerable mining and refining activity. Rifle, near the 
eastern line of the area, is the starting point for mail and freight 
routes to Meeker and the White River country, to the north, and the 
place where nearly all the supplies for that part of Colorado leave 
the railroad. Meeker, 44 miles north of Rifle, is in the center of an 
immensely rich agricultural region where among other things are 
grown some of the best oats and wheat known in Colorado, Utah, or 
Wyoming. Meeker is the distributing point for nearly all the country 
tributary to White River. Rangely, 60 miles down the river from 
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Meeker, is а small ranch town best known because of its connection 
with the Rangely oil field, near by. Although a large number of 
wells have been drilled in this field, its long distance from a railroad 
and the relatively small size of the wells has prevented it from making 
more than a very small production. Colbran, Mesa, and Plateau 
City, three small towns in the valley of Plateau Creek south of Battle- 
ment Mesa, provide local trading centers for а considerable area of 
rich agricultural and stock-raising country. "These towns are con- 
nected with De Beque and Palisade by excellent automobile roads. 
Cameo, near the mouth of Plateau Creek, is a busy coal-mining camp. 

The fourth area, which is a part of the Red Desert Basin of southern 
Wyoming, lies north of Yampa River, in territory tributary to Little 
Snake River, and has not been examined; the limits and richness of 
the shale in that area are therefore largely matters of guess. 

In northwestern Colorado the most valuable oil shales, because of 
their richness, thickness, and nearness to railroad transportafion, 
are those exposed in the Parachute Cliffs, near Grand Valley and 
De Beque. The oil shales in the northern part of the area are less 
rich and in most places dip at greater angles than those along the 
southern rim, and mining of them will therefore involve expenses 
not necessary in the nearly horizontal shales of the De Beque and 
Grand Valley region. 

After a careful study of the thickness and oil-yielding capacity of 
the shales exposed in each of the localities where sections have been 
measured, it is estimated that if 60 per cent of the total shale in north- 
western Colorado existing in the ground as beds 3 feet or more thick 
and yielding at least 15 gallons of oil to the ton were treated in retorts 
it would produce a total of 40,640,000,000 barrels (42 gallons each) of 
crude shale oil. If 60 per cent of the nitrogen in the shale that is 
treated is converted into ammonium sulphate, the yield of this sub- 
stance should approximate 400,000,000 tons. 


PICEANCE CREEK BASIN, 


GEOGRAPHY. 


The area here designated the Piceance Creek basin is a topographic 
basin in Garfield and Rio Blaneo counties drained almost wholly 
by Piceance Creek and its tributaries. The basin is bounded on 
the east by the Petrolite Hills, which stand at altitudes of 7,500 
and 8,000 feet above sea level. On the north the basin ends at 
a low ridge along the south side of White River, through which 
Piceance and Yellow creeks have cut rather narrow gorges. Пв 
western rim is marked by the Cathedral Bluffs, which present a 
steep western face where the oil-shale beds are exposed and which 
separate the Piceance Creek basin from the Douglas Creek basin, 
to the west. Тһе altitude of the Cathedral Bluffs ranges from 
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8,300 to 8,800 feet. Оп the south the Piceance Creek basin is 
limited by the southward-facing Parachute Cliffs (see Pl. ІХ), which 
in the vicinity of Rifle and Grand Valley rise in almost vertical walls 
àbout 3,000 feet above Grand River, only 2 or 3 miles away. Until 
very recently these cliffs, which extend from Rifle to the west line 
of the State, 60 miles to the west, could not be crossed even on foot 
except at half a dozen places. Parachute Creek, from which the 
cliffs derive their names, and Roan Creek, to the west, have excavated 
deep, narrow gorges (see Pl. X) back into the shale area, and the 
canyon of each of these streams and its tributaries ends abruptly in 
à sheer wall several hundred feet high at the outcrop of the oil-shale 
beds (see Pl. XI). Before the beginning of the development of the 
oil shale (1917) the excellent grazing lands above and back of these 
cliffs were reached from the fertile farms in the valleys below by 
only a scant half dozen very steep and crooked stock trails, over 
Which pack trains were taken with great difficulty. Even now there 
is no wagon road open for travel connecting these two adjacent but 
still completely separated areas. The one wagon road that crosses 
the cliffs connects the ranches on Douglas Creek with the Denver & 
Rio Grande Western Railroad at Fruita and does not provide a route 
open to those wishing to enter the upland country above the shale 
cliff. Back of the cliffs the surface is rolling and makes most ex- 
cellent summer grazing land, but on account of the severe winter in 
this high altitude (8,000 to 9,000 feet above sea level) the cattle that 
use the upland pasture in the summer are brought down into the lower 
country to pass the cold weather. Small patches of spruce timber 
are to be found here and there in the canyons (see Pl. XI) and form 
a valuable asset to the region, for some of the trees are large enough 
for saw logs, and many of them are valuable for ties and mine props. 
Excellent water springs forth at the head of nearly every small 
valley in the land above the oil-shale beds and cliffs, and many of 
the larger springs, such as the Figure Four Spring and the springs 
near the heads of Sulphur and Duck creeks, are well known to cattle- 
men of the region. 

А dozen or so ranches are to be found along the valley of Piceance 
Creek, two or three along Douglas Creek, and a very few newly 
established so-called dry farmers back of the cliffs on the west side 
of Parachute Canyon, but aside from these the basin is practically un- 
occupied except by the cow-punchers during the summer, when it is 
possible to use the range for cow pasture. The valley of White 
River to the north of the basin is under irrigation, and the narrow 
valley areas along Parachute and Roan creeks are likewise used for 
the cultivation of alfalfa, potatoes, and small grains. Along these 
streams there are many old and well-established farms. Excellent 
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fruit (apples, peaches, melons, ete.) is raised on the lands in the 
valley of Colorado River, especially near Grand Valley and Pallisades. 

Two routes provide access to the the country on the north, back 
from the valley of Colorado River. From Rifle, on the Denver & Rio 
Grande Western Railroad, an excellent auto road runs north to 
Meeker, 44 miles, thence down White River to Rangely and beyond 
to the Uinta Basin country in northeastern Utah. The second 
route is by the narrow-gage Uintah Railway from its junction with 
the Denver & Rio Grande Western at Mack, 20 miles west of Grand 
Junction, over the Parachute Cliffs at Baxter Pass and down Evac- 
uation Creek to Dragon and Watson, Utah, from which roads lead to 
the ranches on Douglas Creek and to Rangely, on White River, as 
well as to Vernal and other points in northeastern Utah. The 
development of the oil-shale lands of the basin will probably neces- 
sitate the construction of additional railroads into the region, and it 
is quite probable that even in the near future branch lines of the 
Denver & Rio Grande Western Railroad will be built up Parachute 
and Roan creeks and perhaps up some of their larger tributaries. 
The construction of spurs up these canyons should be comparatively 
easy and inexpensive. (See РІ. ХІІ) 


STRATIGRAPHY, 


The youngest sedimentary rocks in the Piceance Creek basin 
belong to the Green River formation, which also carries most of the 
oil shales. Beneath the Green River formation and outcropping in 
the area immediately surrounding it on all sides is the highly colored 
Wasatch formation, and this in turn is underlain by the Mesaverde 
formation, which in this part of the State contains thick beds of good 
bituminous coal. 

No clear-cut and persistent line has been observed separating the 
Green River from the underlying Wasatch; in fact, there is evidence 
to support the view that sedimentation was continuous throughout 
the period represented by these two Eoceneformations. The boundary 
shown on the map is only approximate and represents the line 
between the highly colored beds below (Wasatch) and the pre- 
dominantly gray beds above (Green River). In some parts of the 
field this change in color takes place about 1,000 to 1,200 feet below 
the rich oil-shale zone; in others it is only 500 to 600 feet below the 
oil-shale beds. 

The Green River formation is the surface rock over the entire 
interior part of the Piceance Creek basin, except in a very small area 
on top of the high mesa west of Grand Valley, where lava is present. 
The presence or absence of rich oil-yielding shales permits a division 
of the Green River formation into threemembers. Theuppermember, 
which gives rise to rounded topographic features, is composed largely 
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of soft shales with some sandstone and includes but few beds of rich 
oil-yielding shale. The middle member almost everywhere along its- 
outcrop includes beds of rich oil shale, which in some places have a 
great aggregate thickness (see Pl. XIII, A) and which are every- 
where extremely resistant and stand out in relief. In the Para- 
chute Cliffs and the Cathedral Bluffs this middle member presents 
a nearly vertical and in most places impassable wall 500 to 1,000 
feet high. Interbedded with the rich oil shale are beds of lean and 
almost barren shale and sandstone of varying thickness, and in some 
places these thin beds are remarkable because of their regularity and 
persistence, 

As is shown by the stratigraphic sections given below, there are in 
nearly every section many beds of shale that will yield at least 15 
gallons of crude oil to the ton, but the correlation of beds from one 
measured section to another, although the sections may be only a 
few miles apart, is very uncertain. A careful study of the strata 
exposed in a continuous cliff face a mile or more in extent shows that 
although the formation appears to be remarkably regular in thick- 
ness, individual beds vary greatly from place to place and that a 
single massive bed 5 feet thick at one place may change to com- 
paratively thin-bedded shale within less than half a mile. One 
zone of oil-producing shale near the mouth of Piceance Creek was 
examined, carefully measured, and sampled at three localities 
within a distance of approximately 1,100 feet along its outcrop 
to determine its variability in thickness, bedding, mode оҒ weather- 
ing, and value as a source of oil, with the following results: 


Sections of otl-shale zone along the west side of Piceance Creek in sec. 11, T. 1 N. 
В. 97 W., Colorado. 


Location 34.9 


Ft. in Ft. in 
Shale, hard, black..............- 1 2 | Shale, brown, lean ??..... iu ГҮ У 2 
Shale, light фтоут...-.----.--.... : Shale, hand аат asi 50.4 3 
Shale, dark brown..........-..-- 25 Shnle brow eoe СЕ i 
Shale, light brown. .-..-......---- 1 Shale Шата ат 2s... 5. ds. 5 £ 1 
Shale, hard, Маск. аш: Т М ер да бнр aE Re © ы 4% 
Shale, light brown.......--.--.--- Mo SOMOS. wien wg Cot Со. НН i 
Shale, bard, black, in beds 2 Shale, hard, black.......... 392.227 1102 
inches thick. 6 IL 
Sio DION 2222-2222... 9% 5 4 
Shale, hard, 4әтЕ................. 2 


2 Location numbers correspond to those used on the maps. Stratigraphic sections are arranged so that 
the youngest beds are described first and successively older beds follow. 

10 In this paper the term “lean” is applied to shale that will yield less than 15 gallons of oil to the short 
ton, and “rich” to shale that will yield more than 15 gallons, 
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Location 35, 100 feet N. 7? E. of location 34. 


Ft. in. Ft. in. 
- Shale, dark brown. .....:........ а СЕП bards толе 2 
Shale, hard, dark brown......... 2 нате енк ыы 3 
Shale Шал аск о: 14 | Shale, hard, brown. .............. 14 
Shale, sandy, lean.::..........-. 1 4 Shale, brown, lean.............. 3 
ӘЛІНЕ ОО 22 5 ------ 
Shale, hard, brown............... 3 4 2 
Shale, prow, ев... 11 


Location 36, about 1,000 feet М. 10° E. of location 35. 


Ші бї. Ft. in. 
Sb асака сре 1 Shale, hard, black............... 81 
Shale, brown, thin Ъеййей...... Е оао тото S E LS EE i 
ПАЛОО салт ME 43 | Shale, hard, black............... 44 
Shale means И А aw peri | 1 
Shale, hard, black..............- 54 | Shale, hard, black............... 8 
Вале Оа с аена. + | Shale, brown, lean.............. 4 
Өлер; bard, black 2. c esses 4 
Shale, DIOWD Т. 1% 3 3 


Samples from these localities when subjected to distillation gave 
the following results: 


Results of distillation of samples from three localities on a single bed of shale om the west 
side of Piceance Creek, sec. 11, T. 1 N., В. 9? W. 


Total | Yield of Френ. 
Location No. thickness | oil per ton 


sampled. of Shale. Specific, | Baumé (2). 


Ft. in. Gallons. 


5 4 23.0 0. 888 27.6 
4 2 14.7 .887 27.9 
3 83 81.0 .883 28.5 


This zone contains shale which on weathering resembles somewhat 
closely a massive bed but which, as seen upon close examination, 
may be subdivided into а number of very thin units differing from 
one another only in minor particulars. The gravity of the oil derived 
from these samples is fairly uniform, but the quantity differs widely. 
It is possible that part of this difference in yield may be due to 
changes produced by weathering, although if such were the case it 
would seem that the gravity of the oil in sample 35 would show a 
corresponding increase. However, the data at hand are not sufficient 
to make generalizations. 

In many places massive beds of dark, tough, rich shale contain 
lenses of coarse sand that show no free oil. In other places small 
masses (some of them mere films between beds) of solid black hydro- 
carbon are found in the shale. Hydrocarbon occurring in this way 
in a small gulch east; of of Piceance Creek near its mouth possesses 
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all the properties of elaterite, but in most places the material is 
similar to gilsonite. In sec. 14, T. 1 N., R. 97 W., this elaterite 
may be seen at a number of places between two beds of rather rich 
shale. In some places, such as Hay Gulch, in sec. 36, T. 1 N., R. 
96 W., there are pockets of black material which have the shape of 
partly compressed stems but which show no woody structure, as 
would be expected if they were carbonized wood. The material 
contained in these pockets is not soluble in ether, chloroform, gaso- 
line, or turpentine, the ordinary solvents of hydrocarbons. 

The beds below the principal oil-shale member of the formation have 
the same general gray-white appearance ав the ой shale but include 
more irregularly bedded sandstones and shales, with which іп 
nearly every exposure are one or more thin beds of oolite and 
conglomerate. No rich oil shale is ordinarily found in this part of 
the section, although nearly all of the shale’ will yield some oil, 
and except for the sharp change in color between beds that are 
here classified as Green River and beds that are tentatively classi- 
fied as Wasatch, there seems to be no reason to separate the two 
formations, for there is everywhere a rather complete gradation from 
the very coarse, lenticular beds of the lower formation to the remark- 
ably fine-grained and even-bedded deposits of the upper formation. 

In the Wasatch formation as the term is here used are included all 
beds above the coal-bearing yellow sandstones of the Mesaverde for- 
mation and below the top of the highest beds of red shale. Some 
beds may be included in the formation which should properly be 
referred to the overlying Green River, inasmuch as the separation of 
the two formations is based on color alone. The Wasatch formation 
as thus defined is composed of coarse, irregularly bedded sandstones, 
conglomerates, highly colored red, green, and yellow clays, thin- 

_ bedded shales, some of which will yield oil when distilled, and thin 
lenticular beds of low-grade coal. In the Petrolite Hills some of the 
beds of coarse sandstone near the top of the Wasatch formation are 
saturated with asphaltic material, and at De Beque wells drilled for oil 
have obtained small quantities of high-paraffin oil from sands near 


the base of the formation. 
STRUCTURE, 


The rocks at their outcrop around the edges of the Piceance Creek 
basin dip at low angles toward the center of the basin. In the 
Cathedral Bluffs dips of 3°-6° E. are common, and the beds hold 
this attitude in most places for at least 5 miles back of the outcrop of 
the rich oil shale. Along the north side of the basin the oil-shale beds 
show dips to the south as high as 20°, but the dip decreases rapidly 
back of the outcrop. Along the eastern margin of the basin shales 
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referred to the Green River formation dip as much as 27? W., but 
here also the dip decreases very rapidly, so that a mile or two back 
of the outcrop the beds are nearly horizontal. East of the outcrop 
of the oil-shale beds older formations are upturned more steeply, so 
that in the Grand Hogback, only about 2 miles away, the massive 
resistant sandstone of the Mesaverde formation is tilted at angles 
as great as 90°. 

Along the southern margin of the basin and across Colorado River 
in Battlement Mesa the oil-shale beds are more nearly flat than else- 
where but have a slight northward dip. 

Very little faulting has taken place in this area, and such breaks 
ав have been discovered are more in the form of cracks in which 
vertical displacement is not noticeable. Such cracks are usually 
filled with hydrocarbon materials which at one time may have been 
liquid. One of the ‘most interesting occurrences of this type is in 
Jessup Gulch, a tributary of Piceance Creek on the west side of the 
Petrolite Hills. Неге a fracture zone 2 or 3 feet wide is filled with a 
yellowish-brown hydrocarbon which is of low specific gravity and is 
entirely different in physical appearance from the ordinary asphaltite. 
The deposit may not be sufficiently extensive to be of economic 
importance, but its unusual characteristics make it of considerable 
scientifie interest. 


BATTLEMENT MESA. 


GEOGRAPHY. 


Immediately south of Colorado River and the town of Grand Valley 
the surface rises rather rapidly in what is known as Battlement Mesa, 
upon which are some of the richest farms of the area. Surmounting 
the mesa proper is a high, rugged upland bordered by steep slopes 
and cliffs containing the oil shale of the Green River formation. This 
upland is for the most part covered by lava and lava boulders, over 
which in most of the area there is a dense timber growth. Surfaces of 
angular lava blocks such as are present here are practically impassable 
toman or beast. North Mam and South Mam peaks rise above this 
generally high and impassable country as pinnacles nearly 11,000 
feet above sea level. Тһе north faces of the upland areas are in 
most places covered with dense underbrush and timber, so that except 
in a few cut cliffs there are no natural exposures of the oil-shale beds. 
The south face of the upland, however, is for the most part bare, and 
the shale beds are well exposed. Castle Rock, a small but conspicu- 
ous pinnacle, forms the westernmost outcrop of the oil-shale rock in 
this Battlement Mesa country. 
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GEOLOGY. 


In Battlement Mesa the brightly colored Wasatch formation 
is exposed in the lower areas, and the Green River, containing the 
oil-shale beds, forms the steep cliffs of the upland and is in turn over- 
lain by the more recent lava, which probably was poured out over 
the surface from vents now represented by the Mam peaks. Had 
the molten lava been poured out over a surface only a few feet above 
the oil-shale beds, the volatilizable constituent of the shale would 
doubtless have been driven off and the shale ruined, but the interval 
of 500 to 1,000 feet which separates the rich oil shale from the lava 
has probably prevented any such devolatilization. Doubtless, how- 
ever, there is a considerable zone of impoverished shale surrounding 
the vents through which the lava was brought from its deep-seated 
Source. Until underground mining furnishes the data, the area of 
this devolatilized shale will remain one of the earth’s secrets. In 
Battlement Mesa the beds of the Green River formation appear to 
dip uniformly northward at very low angles. 


GRAND MESA. 
GEOGRAPHY. 


South of Battlement Mesa and separated from it by the valley 
of Plateau Creek is the high lava-covered Grand Mesa, which is one 
of the most conspicuous topographic features of the region. Its upper 
surface is rough and in most places timber covered. Numerous 
beautiful natural lakes are scattered over the mesa, and several larger 
lakes have been formed by the damming up of natural reservoir sites 
and store water for the irrigation of large tracts of fertile land on 
either side of the mesa. The slopes of the mesa are in most places 
deeply covered with timber and brush, so that there is little oppor- 
tunity to study the geologic formations. 

South of Plateau Creek the surface rises gradually toward Grand 
Mesa, but the soil in this area is very productive and ав а result there 
are many excellent farms on which fine crops of grain, alfalfa, potatoes, 
and fruits are grown. This area is in fact one of the most thickly 
populated portions of the region covered by the map. Colbran, one 
of the older towns of this part of the State, is on Plateau Creek in 
T. 9 S., В. 95 W., and serves as the trading center for a large area. 
Mesa, іп T. 10 S., В. 96 W., is a lively small town on the bench back 
from Plateau Creek. Both these towns are connected by excellent 
automobile roads with De Beque and Palisade, and mail is brought 
to them daily from De Beque by auto stage. 
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GEOLOGY. 


Тһе valley of Plateau Creek and most of the slopes well up toward 
Grand Mesa are occupied by the brightly colored rocks of the Wasatch 
formation, and the steeper slopes of the mesa contain shales of the 
Green River formation. "These shales are not exposed except at а 
very few places along the north side, and it is impossible to say whether 
or not the oil shales that have been prospected on Big Creek near 
the forest-ranger station belong to the rich zone of the Parachute 
Cliffs, but largely because of the leanness and thinness of the beds 
there exposed it is thought that they represent some of the oil shales 
in the lower part of the formation. .Up to the time of the writer's 
visit to Grand Mesa in 1918 no oil shales that appeared commercially 
attractive had been discovered. Оп the south side of the mesa beds 
thought to be of Wasatch age are the first exposed beneath the lava 
cap rock. 

Overlying the Green River beds and capping the mesa is a great 
thickness of lava, which of course prevents a study of the Green River 
beds at their southern limit. 


STRATIGRAPHIC SECTIONS AND SAMPLES. 


The following stratigraphic sections were measured at places indi- 
cated on the map (Pl. VIII, in pocket) and illustrate the character of 
the roeks exposed in different parts of the field. "The beds of shale 
that are known by testing or are estimated to yield 15 gallons of 
or more to the ton of shale are indicated by heavy type in the sections. 


Sections in northwestern Colorado. 


Location А, T. 2 N., R. 104 W. Location A, T. 2 N., R. 104 W—Continued. 


Ft. in. Fi. in. 
Shale, gray, with a few hard sandstone Ahalo; та acus ce MESES sh da 2 

beds each а few inches thick.......... 350 Shale, dark brown, rich in oil.......... 4 
Sandstone, white..............-. 1 Shale, slightly валду................... 7 
Shale, gray 60 Sandstone and shale; sandstone shows 
Sandstone, Озуеу...................... 15 ripple marks as much as 6 inches from 
Shale, thin bedded, with а few thin beds те БО MOOSE АТЫ аты ee 15 

ОО Ое оо 15 
Shale, brown to black; contains thin 3 

beds of rich oil shale.................. 2 Sandstone, сінуеу...:...----.--........ 5 
Shale, thin bedded, slightly carbona- о ee сое 50 

ceous, but is supposed to yield very Sandstone and shale, about 60 per cent 

ПИЙ ӨЙ кеін сиы ТЕ а 30 sandstone; sandstone for the most part 
Shale, brown, thin bedded; will probably ripple marked; one thin bed of carbon- 

УО ЗОШӨ 0М725222. 212 ас 1 POROUS SUG, sna. ecc piii 90 
Shale, brown; will probably yield some Sandstone, conglomeratie at the base; 

[i ОССО e p Ee СБ 2 most of the pobbles are flat; some are 
Shale, gray, thin bedded.........------- 18 паа ено ачаа ч оз ак г, 2 
Shale, thin bedded, brown; contains thin Sandstone, thin bedded, not resistant... 15 

laminae of oil shale 10 Shale, sandy. 24 
ВНЗ) ЗУ e Е 40 Sandstone, ripple marked; ripples 4 
Shale, dark brown, rich in oll.......... inches from crest to crest and three- 
Shale, light gray, вәлбу................ if quarters of an inch deep. ............- 3 
Shale; will yield a little oil............-- 1 Shale, sandy ЕЕРЕЕ ААА raw n 10 


COLORADO. 


Location A, T. 2 N., R. 104 W.—Continued. 


Sandstone, friable, with about 10 per 

cent ofshale; sandstone is oolitic..... 
Sandstone, friable, with about 33 per 

COD Ol GOL. уре есес сүйсе pi не 
Sandstone, thin bedded. ............... 
ESI SLAW mures cmimra смени асана сс 
MATS TOTS, SORT Y э ces eerie nbn aate 
Shale, sandy 
Sandstone, coarse grained... 


Oolite with grains as large as one-six- 
teenth of an inch; this stratum is a 
massive ledge maker, the most resist- 
ant rock ofthe formation............. 

50916, 881У--------4е»кеткі 

Sandstone, thin bedded 

Shale, gray, mostly соуегей............. 

Sandstone, thin bedded, cross-bedded, 
and slightly conglomeratic; the grains 
are mostly silica and well rounded... 

Shale, gray 

Sandstone, conglomeratie; largest peb- 
bles observed have a maximum diam- 
eter of one-halfinch................... 

БІНЕ, GIGA eru seus Би» utei MERIT dr 

ВАО GO OSC y. melon ein su Murs ее еа 

кн TM 

Surface covered, supposed to be mostly 
shale; tan-colored shale exposed at base 

Sandstone, white, lenticular ... 

Shale, drab; contains some sand 

Sandstone, tan-colored......... M 

ун (зок А E S iaasa a 

Sandstone, tan-colored, definitely Wa- 
satch; bottom of section, 

Trotalseelion.. . amuse зеен еер - ев 

Totalshale yielding more than 15 gallons 
о аэ» аар а 


Ft. 


Location B, T. 1 N., R. 108 W. 


Shale, evenly thin bedded, with very 
little sandstone 
Shale, dark, thin bedded; estimated that 
atleast 50 per cent is oil-bearing shale 
(sample 10 from bed 3 feet 10 inches 
fhiek near top; 11.3 gallons).......... 
Shale, sandy, thin bedded, lean. ....... 
бапабвйопе....-.---------............... 
Shale, thin bedded, sandy іп places, 
bituminous in others; will yield some 


Shale, dark brown; weathers bluish 
ООЧУ pm ico eaeque кесе 
Sandstone, shaly 
Sandstone, friablo; weathers to round 


hard, dark 


brown,) (sample 
8; 4.26 


Shale, light brown... -Agallons). 
Shale, alternating beds of rioh oil-bearing 
shale (estimated 10 per cent) and lean 


Shale, clayey, containing thin beds of 
ШООНА. АЮВ Е зет лаз» СЕ 


їп. 


Location B, T. 1 N., В. 103 W.— 


Shale, thin bedded. ........ E 
Shale and sandstone, containing some 
oil-bearing layers; the entire member 
is colored red by burning............. 
Shale, sandy; contains some thin sand- 
О AMA IL қы оған Ea LI ECL. 
Shale, sandy... 
Shale, dark brown, 


hard; weathers 
[н ЗИ: к, рыгы се SEC ка ЗЫ 
Shale, clayey, thin bedded; contains a 
few thin layers of rich shale.......... 
АРВ ӘЛСІЗ О КЕ Е 


Shale, thin bedded, сізуеу.. 
Shale, sandy; contains some bituminous 
TOOGLE ВИ қабы 
Shale, with thin beds of rich oil- 
bearing shale; estimated that 50 
Percent 18527087100, .,2,,--.----- 
Shale, sandy... 
Shale, dark brown; м 
ТЕ СТВ $100. а-а б 
Shale, sand y, thin bedded, calcareous. . 
Shale, carbonaceous; contains beds of 
rich shale as thick as three-quarters of 
ап inch (sample 12; 8.64 gallons)...... 
Sandstone, ripple marked at top, thin 
кое 
Shale.. 
Shale, lean 
Shale, dark brown; contains diss xal- 
nated iron sulphide (sample 11; 8.22 
Дозе e M eee y С Е 
Shale, thin bedded, brown. .'.... 
UAC SARC Т ы ар асар амал тасаға * 
Shale, dark brown, massive, rich.. 
Shale, gray, lean; contains some bitu- 


ТОШЕ ТА ВИД ауе етл 
Sandstone, thin bedded 
DUGG, SAMCIY mae vec eme E ral ce TE CM 


Sandstone, even bedded................ 
Shale, grading into sandstone at the top. 
Shale, dark brown, with disseminated 
ALO SUP OLS) ШОЙ, е 
Shale, sandy at base, thin bedded at top. 
Sandstone, thin bedded 
Shale,.sandy.. conce ave 
Shale, thinly laminated, dark brown on 
fresh surface; contains beds of rich 
SUR EE es 
Shale, sandy 
Shale, thinly laminated, dark brown on 
fresh exposure; probably will yield 
SONG OWL Loa аа ое. 
Shale, dark brown, thin bedded, тісі.. 
Shale, sandy 


Sandstone, thin bedded, ripple marked. 
Shale, sandy; in places will yield ой... 
Shale, dark brown; weathers bluish 

КИЛУ SICH o Desc stes s vies nue ЫКЫ 
PIONS AICI acd ерле me NERA. 
thin bedded, 


Sandstone, with some 


Shale, lean 
Sandstone, eross- 


43 


Continued. 
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in. 


44 OIL SHALE OF 


Location B, Т. 1 N., В. 103 W.—Continued. 


Sandstone, in beds having à maximum 
Lhicisness-0f Апоов Иа 
Shale, with some san one; shale is 
dark and carbonaceous; probably will 
ЖОШ ОО: Е D DEM MM 
Congolmerate; maximum size of pebbles 
ВА CHE CEDE ET COR ERU SOOO 


fac Esta dio t cu pede оын ct scere 
Shale, brown; slight oily 
Os Ser Me АЛЛЫ А Е 
Shale, dark 


weathers blue. .... 
Shale, light brown; wee 

ers platy 
Shale, dark brown, hard; 
weathers blue. ........ 
Shale, dark brown, hard; 
weathers blue. .......- 
Shale, soft, brown; weath" 
ersinto fine lamine and 

curls on surface 
о оо оосо eaaet 
ООҢ Е аач 
Sandstone dO айыб е desse tas RA Ta me 


(sample 
7; 12.6 
gallons). 


ГА ep ptem cies Ны CEP PP BUTS 
as thick 


She d a EE in layers 


өні, өлер laminated; giv 
odor when broken 
Sandstone, calcareous. ................. 
Shale; lower part drab; upper part 
СИ iter. x PIE ORIS EOD 
Ілтпесіопе.............................. 
Shale, mostly drab, partly carbonaccous, 
finely Іалюіпадей...................... 
Shale, thin bedded, rich; gives sli 
oily odor when freshly broken 

Sandstone, containing clay balls........ 
Shale, drab 


Shal 
Sandstone, containing pebbles aslarge as 
halfan inch in diameter.............. 
Salo Sand vise secrete eres scat sve re 
Shale, dark brown, rich; gives oily 
odor when ртокеп..........:..-:. 
Shale, thick bedded, rich... ........ 


Shale, finely laminated, brown, carbon- 
ас6005..... 
Shale, thick bedded, ri 
odor when broken... 
Shale ИТТЕ 
Sandstone, coarse grained..... WS 
ӨНӨ i gas ee esse ew cues ces see 
Sandstone...... 
Ey thinly laminated; dark brown.... 
"elus slope at bottom. 
IDoUGISOCUOB mien duet ас АХИ 
Total shale yielding more than 15 gal- 
lonstodthedtons'trs З АЕА 


gives oily 


inire thee, 
5 
33 

8 
25 

4 

1i 

5 

2 
1 
50 

4 
25 

'6 
40 
8 

6 
13 
2 
33 
§ 

2 
25 
3 

2 
1 6 

4 
2 10 
2 6 
3 
12 

2 
10 

5 
3 
999 13 
2б® 7 


Location C, on north side of White River, 


T.1N., В. 104 W. 


Shale, sandy; weathers to round forms. . 
Shale, light brown, lean................ 
Interval, probably sandy shale. ....... Е 


Tt. in. 
50 

6 
20 


THE ROCKY MOUNTAIN REGION, 


Location C, on north side of White River, 
T. 1 N. В. 104 W.—Continued. 


Shale, dark brown; weathers bluish 
(be wie ул. doc Seu а center et c 
Ii NO EIE РИО о КЕ eire T 
Shale, dark brown; weathers bluish 
BASE TEC Lh setae ok а er ien efi 
Shale 


елше; dark brown; weathers bluish 
gray; 75 ү о rich shale and 25 


Shale, Pepsi weathers t 
ОТАУ DOS VEM TNT Eie 
Shale, brown, thin bedded. ... 
Shale, dark brown; weatt 
gray; 75 per cent rich shale and 25 

per cent lean shale................ 
Shale, dark brown; weathers blt 


remainder rich shale 
Shale, dark brown; weathe 
about 40 per cent rich 22 
Shale, dark brown; weathers bluish 
gray; about 10 рег cent lean shale, re- 
mander rich.shalo.-::.:. uil vec aks 


Shale, dark brown; weathers bluish gray; 
about half rich shale and half lean 
БМаЛе аз аа ана 

Sha 

Shale, dark brown; weathers bluish 
ЙӨЗ; ЖОН nara Wate ұза ое ole 

Sandstone, massive............--.. 

Shale, dark brown; weathers Bish 
gray; rich and lean shalo inter- 
beddGd и =o ОК А enemas 

Said SSC ЕА sic ain PN. 

Sandstone, thin bedded................ 


Shale, dark brown; weathers bluish 


gray; rich; contains an abundance of 
Шол Ру бе aaa e 
Shale; about 25 per cent rich, dark brown 
Shale, dark brown; weathers bluish 
О бы ЕСИ t 
CHGlOve ces er rir ean a icr Се. OE DOO 
Shale, dark brown; weathers bluish 
BUOY TMA оола о 


1ale, sandy; about 33 per cent rich, 
dark brown. . 
Shale, sandy.......- 
Shale, dark brown; weathers bluish 
ТАУЫСА eI te ш 
Shale, dark brown; weathers bluish 
gray; rich; and sandy shale. ...... 
Shale, sandy 
Shale, dark brown; weathers bluish 
gray; О н nie EU s ein idea amie viene =m 
Shale, drab, with thin layers ofrich dark- 
ROWE On Еа a oie PIC Es 
Shale, dark brown; weathers bluish 
ОТАУ О анас ЕАР 
Interval, probably mostly shale- . ...... 


Ft. 


сл 


со 
Ox 


13 


іп. 


COLORADO. 


Location С, on north side of White River, T. 1 N., 


R. 104 W.—Continued. 


Shale, dark brown; weathers bluish 
gray; rich... 
Shale, sandy .. 2 
RADE оно əсе ee ВОН ЗН Ч 
Ха т Я 6 
Shale, dark brown; weathers bluish 
gray; rich 
Sha 
Shale, dark brown; weathers bluish 
e. А нык. + Wee cscs cine ов Секе TES 
Шале. ra 
Sandstone, shaly 
Shale, light gray, sandy ................ 
Shale; black; contains thin beds of rich 
dark-bro: WO Shalg АЛА PU E PER 
Shale, drab, with some thin beds of rich 
dark-brown shale near top. ........... 
Shale, dark brown; weathers bluish 
gray; rich; interbedded with lean 


Shale, thin bedded; 25 per cent rich dark- 
TOU SEU a pa A Rc 
Shale, dark brown; weathers bluish 
RIA athe tL CL peep ea у 
Shale, with thin beds of rich dark- 
brown shale....... а ы А ciem 
Shale, dark. brown; weathers bluish 
gray: Оаа е MT 
Sandstone, shaly, grading to shale in the 
тра ST сс 2 sts os EET, 
ale, dark brown; weathers bluish gray; 
DODN 22222» АЗЫ S СЯ КЕСЕНИН жү де 
Shale, drab. 
Handstond, Пау. ел 
hale, Sand vores а ТД 
HOG Ескен ЛЫ АЕ 
Shale, thin bedded, black on fresh 
vasi: (ez Mail e ics c tee se ee ee 
Shale, sandy 
Shale; weathers curly; will yield some oil. 
ОРУ т тре а 7 заман 
Sandstone, shaly.. 
circ Кы с 
Sandstone, brown. 


Shale, gray, sandy at base, thin bedded 

attop..... 
Oolite, with grains as large 85 one-eighth 

inch in Фізлпефет...............-..-.... 
Shale, with some rich dark-brown shal 
Не, ЕТЕ ВЕС а aero iin D al er 
Shalo, sandy, with some sandstone. 
ОЗЫНЕ ИИА ТУГРА E С 
Shale, upper part tan-colored, lower part 


Sandstone, light colored, with shaly lay- 
ers and some rich dark-brown shale. .... 
Shale, light colored at bottom, dark at 
top; some rich dark-brown shale. ....... 
Sandstone, including clay balls; a single 
fossil gastropod was found in this bed... 
БО НБ: A S. 


Tt. in. 
1 
5 
3 
7 
1 
4 
1 2 
4 
4 
1 
20 
3 
6 
а 
6 
T 
8 
il 
27 
5 
23 
20 
4 
5 
6 
18 
5 
8 
2 
20 
1 
75 
5 
5 
1 
13 
1 
100 
4 
27 
4 
2 


Location C, on north side of White River, T. 1 
R. 104 W.—Continued. 


45 


N., 


in. 


һә 


Ft. 
Sandstone, at some places oolitio and at 
othersslightly conglomeratic. .......... 
bale; ад Set eee ЖА ыла ала ice 20. 
River. ----- 
To ОН а СТ S 765 
Total shale yielding more than 15 gallons 
ишен ЕА ВЕЕ БЕ Mem 49 
Location D, T. 1 N., R. 100 W. 
Ft. 
Shale, drab; contains sandy layers... .... 40 
Shale, dark brown, тіс! 
Sandstone...........- 6 
Shale, dark brown, rich................. Y 
Sandstone, thin bedded.......,.-...---. 5 
О ов Е жа». «ТАА ЛА 20 
Sandstone, thin Бейдей................. 3 
Shale, thin bedded, lean aka) 
Sandstone; contains much 
quartz; weathers like an oolite. 
Shale, drab, with sandy layer T 30 
Shale, dark brown, тісі... 3 
Я О тсн КЕК он ааа 35 
SESI ОБ о ить ос 
О Со Ее 4 
Shale; about 30 per cent rich shale in thin 
(Іле отар A ee ФОН SEIS Йир алы ate 4 
Shale, drab 3 
Shale, with a few streaks of rich е 
POW sale Vers ee Бик ad оыс 5 
Shala, атар, » 80 
Sandstone, thin bedded. ж 2 
Shale and thin sandstone; contains beds 
as thick as 2 fect which probably will 
ma o elerne toig o U bataia iow cee weve p ela. 45 
Shale, thin bedded, lean. ...............- 10 
Shale, drab, slightly sandy.............. 15 
Shale, thin bedded, lean................- 2 
Shale 3 80 
Shale, thin bedded, slightly carbona- 
ceous; contains thin sandy beds....... 25 
бед сук co DIS В 65 
Total section, 399 
Total shale yielding m more than 15 gallons 
AEDE TON v сәсен aaan ee oer ce 4 
Location E, T. 1 N., Rs. 99 and 100 W. 
Ft 
Sandstone, yellow, slightly friable; con- 
tains concretions of pyrite............. 15 
Sandstone, argillaceous, and sandy shale, - 
mostly thin bedded; a little biotite... . 20 


Shale; upper part slightly sandy; con- 
tains some miea; lower part not well 
ехровей....-.......................... 120 

Shale, dark gray to brown; contains a few 
beds of bituminous shale about half an 


о 25255525». Ot duty ENSE Ee 65 
Shale, gray, calcareous, іп beds about 2 

И о ere tan Ето 8 
Shale, gray to brown, Mar, bitumi- 

nous.. 4 P 20 


Snale, dork brown, pisos еее etal A 


46 OIL SHALE.OF THE ROCKY MOUNTAIN REGION. 


Location E, T. 1 N., Ез. 99 and 100 W.—Continued. 


Bhale, thin bedded, gray on weathered 
outcrop but contains thin beds of brown. 
and black rich bituminous shale; esti- 
mated that 10 per cent of the rock will 
Же ШОКЫ c dams als dere d e E ска 

Shale, dark brown, thin bedded, 75 per 
cent rich and 25 рег centlean........... 

Shale; estimated 15 per cent rieh oil shale. 

Shale, gray on outcrop; top sandy, in 
bedsi2inrches'thitie 2.22.00. 2202225. 

Shale, thin bedded; probably 15 per cent 
ОПОН meri UTE eee ee 

Shale, thin bedded, papery; esti- 
mated 75 per cent rich oil shale...... 

Shale, sandy; contains few carbonaceous 
IBY OTS 224020440145 чанне ИӘ ӨС А8 

Shale, thin bedded, estimated 50 per cent 
TIVO Осевые sails cidit 55-6 

Shale; contains little rich bituminous 
shale, but the whole is brown on fresh 
surface and probably will yield oil...... 

Shale, sandy, thin bedded 

Shale, dark brown, rich............. 

Shale, thin bedded, lean............. 

Shale, thin bedded, dark brown, 
rich.. 

Shale, алу 

Shale, for the most part thin edited, 
gray on weathered outcrop; probably 
20 per cent of the whole is shale which 
williekl 01222555222 722... 52 

Shale, dark brown, massive; resists 
Weathering Моа. 
Shale, massive (estimated yield, 20 
указ кыа сао ray pes pear m 

Shale, light gray, slightly sandy and bitu- 
SEDULO US ТЫСЫН ale ule eid 5 

Shale, dark brown, rich.. 

Shale, thin bedded, lean. .............. 

Shale (estimated yield, 20 gallons)...... 

Shale, gray on weathered surface, thin 
оО ELE 

Sandstone, with numerous dark specks. . 

Shale,sandy 

Shale, dark brown; about 67 per cent 
rich and 33 per centlean.............. 

Bale; лоо иене 

Shale, dark brown; appears to be 
very rich (sample 13; 33,6 gallons). 

Shale, about 50 per cent oilshale........ 

Shala За. ЕНУ Ае 

Shale, dark brown, rich 


Shale, thin bedded, slightly carbona- 
ceous but will probably yield some oil. 

Shale, gray, thin bedded.........-...- 

Shale, dark brown, rich 


Shale, dark brown, rich....... Sr 
Shate, ночам. 
Shale, dark brown, rich... ............ 
Shale, thin bedded; contains possibly 

about 10 per centrich shale. .......... 


Shale, dark brown, rich ........... wees 


Ft 


18 


20 


10 


13 


са 


88 


іп. 


Location E, T. 1 N., Rs. 99 and 100 W.—Continued. 


Shale, dark brown, rich... ............ 
Shale, gray, thin bedded. . ............. 
Sandstone, shaly.... 
Shale,sandy. 
Shale, dark brown, rich................ 
Shale;containssomesandy bo 
Sandstone, yellow, shaly.... 
Shaleand sandstone in about equalquan- 
ИШЕН 2 ТЕЛЕ ..-т С 
Shale, dark brown, rich ........... 
Sandstone, ЗПУ „ааа 
Shale, dark brown, rich, with some 
sandstone lenses.... 
Sandstone, вау 
Shale, very thin bedded (estimated 
yield, 25 gallons).................. 
Shale, 25 per cent rich 
Shale, dark brown, interbedded with 
papery shale 
Eden P. EO cedens es 


Shale, thin badea (estimated еШ, 15 
gallons) 
Shale, drab 
Sandstone SuUaly se. sales sees TITO 
Shale, dark brown (estimated yield, 
О ern кй avene Кука ain 
Shale, friable, yellow, lenticular. . 
БН ӨЖОТ уны айык нме Шейн mnie сем a 
Shale, very thin bedded (probable yield, 
Jess than 15 gallons) ................. 
fot: NES ааа eee ee ое 
Shale, thin bedded, with a few bitumi- 
"Ер CSI SENSE Са 


Shale, dark brown, rich, thin 
bedded (estimated yield, 35 gal- 
long oo Ca Zea 

Sandstone, contains quartz grains ce- 
mented with iron oxide............... 
Shale, thin bedded. .......... 2 


Shale, drab; contains sandy beds. 


Shale, gray, sandy 
Shale, thin bedded, with some rich 
oil shale (estimated yield, 30 gal- 


Shalb О И Е eere aja 
Shale, thin bedded; will yield some oil. . 
Shnlensmuds UE ға 
Shale, thin bedded, lean 
Shale, drab; some layers 1 foot thick; 
ЖУ О adole uio дыы V a 
Shale, dark brown, rich 
Shale, thin bedded........... 
Shale, brown (estimated Sisi 25 


Shale, about 50 per cent bituminous.. 
Shale, thin bedded, bituminous. ....... 
Shale, thin bedded; contains rich bitu- 
minous layers; also = lenses 
АОН ВЕН В, ааа Аче T 


Ж. 


EN, 


F 


COLORADO. 


Location E, T. 1 N., Rs. 99 and 100 W.— Continued. 


Mus au e stb ль Eb алық 
Sandstone, light-colored . ..............- 
Shaie, dark brown; part rich and part 


Interval largely covered, but probably 
Shale vas Ве ОНЕ ere RE RE 


DUDEHDSEDUIOHE T EL LEE QU ңе 
Total shale yielding more than 15 gallons 
ЧО Ио ааа 
Total shale yielding more than 30 gallons 
КОШО ЧОН ЕЕ e won ИИ 
Between the last bed mentioned above 
and the base of the Green River forma- 
tion there is a distance of about 300 foot 
in which the rocks are largely concealed 
bysurface material. Itis probable, how- 
ever, that there is considerable oil shale 
in this interval, but that it has beon 
burned so as to lose its ordinary charac: 
5 The burning is indicated by 
loose fragments of red burned rock on the 
Surface, by slaglike masses of fused ma- 
terial, and by black burnt-out shale ex- 
posed near the base of the formation. 


Location F, T. 2 N., R. 98 W. 


Sandstone (about 75 per cont) and 
slightly bituminous shale............ 
Shale, gray, sandy; some layers brown 
OTOS H сои а С рК orn SAn 
Shale; about 20 per cent rich bitu- 
minous shale (samples 18, 19, 22, 

23, and 24; 6.25 to 22.88 gallons)... 
Shale, thin bedded, slightly bituminous, 
and sandstone 
Sandstone, minutely  cross-bedded, 
па чам тев ет НН 
Shale, drab; contains a few thin beds of 
Оо ы Е-е, 
Sandstone, massive; contains & few thin 
layers of conglomerate................ 
Shale, in part slightly bituminous, with 
а few thin beds of sandstone. ......... 
Sandstone, in part chertlike. - 
Shale, tim ейбеф.2222222222.22::... 
Shale, dark brown, rich, and thin- 
bedded lean shale (estimated yield, 

2D кайан} ck E ATE 
Shale, sandy, lentieular...............- 
Shale, thin bedded (estimated yield, 
ль ios kines c cL o 
Sandstone 
Shale, dark brown, rich 
Sandstone, cherty...... 21; 26.8 
Shale, dark brown, rich) gallons). | 
Sandstone and shale..-.-....1......... 
Conglomerate with pebbles half an inch 
кошке оу ci pute te efte cetur Oc 
Sandstone and shale, with layers of rich 
ollshale T Inch thick... а... 
Shale and some sandstone. 
Бап Ене: 220202222252. 3 


(sample f 


150 


к со с 


<> 


іп. 
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Location Е, T. 2 N., В. 98 W.—Continued. 


Shale, gray, thin bedded............... 
Sandstone, slightly conglomeratic and 
О аи. а 
Shale, thin bedded (estimated yield, 
25 ВАШИ) нао ора E 
Shale, dark brown (sample 20; 12.6 gal- 
TOS irc желе хат Nee Ro CUPS RR 
Sandstone, irregular in thickness, weath- 
ering light yellow....... 
Shale, dark brown; weathers to papery 
shale (sample 14; 13.3 gallons). ....... 
Sandstone, 5ШӘІУ-.-....-4-45.4....2.1.24 
Shale, light brownish drab; athers to 
sheets one-eighth to three-eighths inch 
thick (sample 15; 3 gallons) 
Sandstone, coarse, yellow............... 
Shale, light brown..........} (sample 
Shae dar brown, нун 16: 01:9) | 
weathers рарегу........... gallons). 
Shale, hard, dark brown; weathers to 
blue resistant ledges; contains lenses 
of rock which weather yellow and ro- 
semble sandstone (sample 17; 21 gal- 


Shale (80 per cent) and sandstone; some 
beds of shale 1 foot thick may yield as 
much as 15 gallons of oil to the ton... . 

Shalo (estimated yield, less than 10 gal- 


ЮОШБЬ летие 
Shale, slightly bituminous. . 
ООДО Sentier nene Salt eret. 
Sandstone, thin bedded, with some bi- 
(ПП 198940840555 sabes sec ЛЛ Ыы, 
Shale, brown, lean, interbedded with 
йй айбын р 0000053803078 
Shale, brown to black, thin bedded, 
slightly bituminous.................. 


Shaie, brown, very thin bedded; 
weathers curly (estimated yield, 15 
оао Р 


Sandstone, shaly 
Shale, brown, thin bedded; weathers 
curly (estimated yield, 15 раПопв).... 
Sandstone; shaly.......... 5 LL eres ee 
Shale, drab to gray, interbedded with 
thin beds of sandstone. ........-..-... 
Shale, brown to black, thin bedded (es- 
timated yield, less than 15 gallons)... 
on санды ае ior ЕС Я 
Shale, brown оп fresh surface, thin 
bedded, slightly bituminous......... 
Shale, tan-colored; weathers white; 
many of the joint planes, which are at 
right angles to the bedding, are filled 
with a siliceous deposit............... 
Shale, gray; weathers almost white; 
upper part thin bedded; some of the 
shale is slightly carbonaceous. ........ 
Shale, drab and tan-colored..... ee "eve 


40 


л 


100 


a 


ез 


ко о > 


wer һә 
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Location F, T. 2 N., R. 98 W.—Continued. 


in. 


Ft. 
Sandstone, light gray, fine grained, cal- 
careous, Tate marked, lentieular.... 8 
Shale, drab and tan-colored .. .. ........ 200 
Sandstone, ripple marked, lenticular... " 
PALS, sandy. cesse две зр ык se с қы ЫР 15 
Sandstone, tan-colored, thin bedded.... 
Shale, 4тар,..............--........-.-. 28 
Shale, tan-colored.... 50 
ОО ка toes - 
Shale, tan-colored... 23 20 
Sandstone, thin bedded................ 
Shale, drab, thin Бейдей............... 40 
Sandstone, tan-colored, ripple marked, 
Аааа еӨа@рйыл ыы ie. DRE 1 
Shale, with а few sandstone beds, tan- 
colored; Wasatch formation. ......... 200 
Total SCOR OM ene РР arid =a 1,677 
Total shale yielding more than 15 gallons 
ое COs ce. ex. DOO. Ox EU е taie 21 
Location G, T. 2 N., R. 97 W. 
Top of hiil. Tt. 
Sandstone, massive, tan-colored, slightly 
friable, fairly coarse grained; weathers 
into nodular 10г16.......-............ 5 
Shale, залду........................-... 3004 
Shale, dark brown, rich...............- 
Shale, балду....................-.-..... 30 
Shale, dark brown (probable yield, 10 
ғаДопв)...2..:..-..:--<«е2.-.. 3t 
Shale, drab, thin bedded.............-. 50 
Shale (estimated yield, 20 gallons). 3 
Shale, thin bedded, sandy.........-...- 25 
Shale, dark brown, rich.............--- 1 
Визе, бапау.......................-еч»» 45 
асот РРР ЕЕ ЕА 8 
PAC. oaoa лететь енене omas ааа ене 5 
Shale, dark brown, E Me eke абый 
Shale, бапду............................ 100 
Shale (estimated yield, 25 gallons)..... 3 
Shale, drab, with some sandy beds, lean. 60 
Shale, generally lean, but with some rich 
Ідуегв.....----.------------.-------.. 1 
Shale (80 per cent) and sandstone (20 per 
СӨШ).......--.-...----------1-.--4--. 20 
Shale, thin bedded, containing thin 
layers of rich shale (probable yield 
of the whole, 15 gallons). ........- 5 
Shale, drab, with some sandy layers.... 20 
Shale, балду....-.2---<--4%-ке- ее. aeia 10 
Shale, dark brown, with some lean 
beds (estimated yied of the whole, 
25 gallons) 2 
Sandstone, shaly 1 
Shale, dark brown (estimated yield, 
ОАО „асе 2 
Shale, lean, oolite, and sandstone, inti- 
mately interbedded; oolite and sand- 
stone lenticular... 3 
Sandstone, shaly . 3 
Bhale, ӘАгар.....----...--------«---> 4 
Sandstone 7 
Sandstone, shaly 10 


OIL SHALE OF THE ROCKY MOUNTAIN REGION. 


Location G, 


Shale, with some thin beds of sandstone; 
part of the shale is carbonaceous; other 
parts will probably yield a little ой... 

Interval, mostly covered but probably 
Ба, Са Сы S 

Shale, thin bedded Gita 
yield, 15 gallons) 

Shale, carbonaceous, containing beds a 
thick as 6 inches which will yield nd 

ӨЛЕ ан осы о ни еек tr eee 

Shale (estimated yield, 2 Ы” 
Shale (estimated yield, 20 gallons). 

Shale, thin bedded, mostly carbona- 
ceous; some parts are flexible and prob- 
ably will yield oil; benches as thi 
2 feet are estimated to yield 25 gallons. 

Shale, sandy, in places carbonaceous.. . - 

Shale, for the most part drab and thin 
bedded; contains beds as thick as 1 
foot which will probably 1а 20 
РАО асе венд сан ae pu 

Shale, 10 per cent dark brown, rich, Bud 
90 per cent 1сал.................:..... 

Shale, thin bedded (possible yield, 
15 gallons)...... 

Shale, carbonaceous 

Covered, probably mostly shale......... 

Shale, curly; contains lenses of bitumi- 
nous sandstone (samples 25 and 26, 
lower 8 feet of this bed; 4.78 and 3.85 
SATMLOUS) а кже ek зле 

Shale, carbonaceous and sandy 

Sandstone Ae 

Shale, thin-bedded, carbonaceous; will 
probably yield a small quantity of oil. 

Interval, probably mostly lean shale but 
with а few thin beds which are rich in 


Shale, thin bedded (estimated 
yield, 15 раПопв)....-.......-..... 
(Shenae yoy ACS Б СС 


Shale, thin bedded, black on SEDE sur- 
face (estimated yield, 25 gallons) 


Interval, covered, probably shale...... 
Shale, dark gray to black, thin 
bedded (estimated yield, 25 gal- 
Поа e CO aaah: ен 
Interval, mostly covered but probably 
sandy Shale... <0 =.» женуи т tes 


Shale, thin bedded, brown on fresh sur- 
face, with sandstone beds as thick as 1 
foot near the base (top includes beds 
estimated to yleld less than 15 gallons) 

Shale, thin bedded, brown on fresh sur- 
face; contains lenses of sandstone. .... 

Interval, covered but probably shale.... 

Sandstone and sandy shale; the sand- 
stone, especially in the upper part, is 
oolitic 

Sandstone, mostly friable; contains beds 
which weather rusty 

ы ЕТПЕН ТТ рарын 


T. 2 N., В. 97 W.—Continued. 


Ft. in. 


to 


10 


Location С, T. 2 N., R. 97 W.—Continued. 


Sandstone and oolite.... ..............- 
Sandstone, friable... .-...--.--------+-- 
Shale, upper part sandy, lower part 


Sandstone, with oolitic phases- 
Sandstone, shaly, friable... .- 
Oolite 


Sandstone, friable 


Sandstone, shaly . 
Shale and sandstone, folded and faulted 
to such an extent that detailed meas- 
urements are not possible. Тһе fold- 
ing and faulting are believed to be 
confined to this member. Some of 
the shale will probably yield oil...... 
Sandstone, tan-colored, slightly eross- 
bedded; contains oolitic layers near 
LIIS] o АҢЫ EE E ЖЕКЕШЕ МЕ ЕСЕККЕ 
Sandstone, friable; contains a few thin 
lenses of oolite near the base......-..- 
Sandstone, with lenses of oolite averag- 
ing about 2 inches long. ............-- 
Sandstone, shaly; eut by normal faults 
having throws of 6 to 8 feet; fault 
planes dip about 509 8.; ripple marks 
were noted in the highest and lowest 
layers of the Төдй...................... 
Interval, mostly covered, probably 
Sandy зһайе........--.----------.- -> 
Sandstone; contains oolitic phases. . 
Sandstone, shaly...... 
Sandstone, oolitic . 
Sandstone, shaly........ 
Sandstone, minutely eross-bedded; top 
Oolitic .: 


Sandstone, о01000:,.................... 
Shale, sandy, but contains carbona- 
ceous beds, also sandstone layers as 
thick as 2іпсһөв........-.-.-.....--:. 
Oolite, containing numerous gastropods 
at the һабе............--.------------ 
Sandstone, shaly at the base, gray on 
unweathered surface.......- 
Shale, slightly gray, sandy. ...-:..:.--- 
Sandstone, with numerous gastropods. - 
Sandstone, massive, slightly cross-bed- 
ded, fairly well rounded grains of 
дшпагі2..........-.-----.---<----%---. 
Sandstone, calcareous, contains gastro- 
pod готпаіп8..............---.-------. 
Sandstone, massive, slightly cross- 
Қа а р аон сарае 
Sandstone; weathers buff; т 
layers 1 inch to 6 inches. . ...--------- 


COLORADO. 


100 


15 


93613^—23— Bull. 729——-4 


49 


Location С, T. 2 N., В. 97 W.—Continued. 


Shale, sandy, and friable sandstone; the 
sandstone predominates but does 
not form ledges. This is supposed to 
be typical Wasatch. 

TOTAL SCCHION кая 

Total shale yielding more than 15 gal- 
жеши: аа Е Е 


Ft. 


1,605 


а 


іп. 


13 


8 


Sectlon near location H, from gas well to mouth 
of Piceance Creek, T. 1 N., R. 97 W. 


Sandstone, coarse, yellowish brown, fri- 

able, оговв-рейдей .................,.. 
Shale, light gray... 
Sandstone, tan-colored, friable. ........- 
Sandstone, brown, friable 
Shale, light gray, sandy (sample 42; 0.31 

БАПОВ SOLE ЕТ ЕЕ о Tar stance 
Shale, gray, thin bedded. . ..........-.- 


Shale, hard, brown, rich, lentieular.... - 


Shale, gray 
Sandstone, yellowish brown at base; сов- 
tains vegetable remains............... 
Shale, with few lenses of sandstone, 
ыа зс И вета 
Shale, aandy, very lean. . 


Shale, sandy at Бае-..................- 
Shale, sandy at top. .....- т 
Shale, hard, brown, rich. .. E 
Shale, sandy. . .....-- AME 5 


Shale, sandy, thin bedded ..........:... 
Shale, lean (90 per cent), and hard, rich 
shale (10 per cemt) ;:.2222.-. 20022... 
Shale, sandy, thin bedded, gray ........ 
Sandstone, massive, yellowish brown, 
coarse grained 
Sandstone, yellowish, thin bedded 
Shale and thin beds of rich, hard shale. . 
Shale, sandy, thin Тейдей.............. 
Shale, hard, rich, and thin-bedded 
ЗЕЕ З ive vae vasa ст 
Shale, sandy 
Shale, hard, brown, rich. ....... 
Shale, sandy, thin bedded 
Shale, for the most part barren but in- 
Guding beds as thick as 1 foot which 
will yield considerable ой............. 
Sandstone, clayey... - 
Shale, hard, brown, lean...............- 
Sandstone, clayey, shaly................ 
Shale, sandy (80 per cent), and hard, rich 
shale (20 per сөпі).................... 
Shale, hard, brown (sample 38; 25.2. 
ғәПопв)...............----%..--.. 
Shale, slightly валду....--------------- 
Sandstone, calcareous. . ................ 
Shale, partly rich and partly curly. 
Shale, top sandy, tan-colored........... 
Shale, hard, brown, rich (90 per 
cent), and lean shale (10 per cent). 


Ft. 
169 


10 
20 


65 


in. 


п 


50 


OIL SHALE OF THE ROOKY MOUNTAIN REGION. 


Section near location Н, from gas well. to mouth 
of Piceance Creek, T. 1 N., R. 97 W.—Contd. 


Shale, thin bedded, carbonaceous, sandy 
Shale, curly, lean (75 per cent), and 
hard, rich shale (25 per cent). - --- 
Shale, вапду...................-....... 
Shale, curly, Ібап...........--....-----. 
Shale, 4гаВ.......................-...-. 
Sandstone, irregularly bedded....---.-. 
Shale, thin bedded, lean............-.-- 
Shale, thin bedded, lean (90 per cent), 
and hard, rich shale (10 per cent)..... 
Shale, thin bedded, sandy............-- 
Shale, thin bedded (90 per cent), and 
hard, rich shale (10 per сепб)......... 
Shale, slightly curly, Івап............... 
Sandstone, сізуеу...--.-.-------------- 
Shale, thin bedded at base, sandy at top. 
Shale, hard, гісһ....................... 
Shale, валпау...........--.....- 
Sandstone, calcareous 
Shale, thin bedded, curly.........--.--- 
Shale, hard, brown, variable thick- 
ness (sample 37; 23.25 gallons).... 
Shale, thin bedded.......-..------- 
Shale, curly, and hard, rich shales...... 
Shale, brown, thin bedded, lean........ 
Shale, sandy, thin bedded........ 
Shale, thin bedded, curly......... 
Shale, впду.......-.---.-------.-. 
Shale, thin bedded, slightly curly 
Shale, hard, brown, rich......-..-. 
Shale, brown, 1өеалї.............--.----- 
Shale, thin bedded, slightly carbona- 
Зо. сане a ы eie EN edo 
Shale, hard, гіеһ...................... 
Shale, black, carbonaceous, lean........ 
Shale, thin bedded, drab..........-.--- 
Shale, hard, rich (50 per cent), and 
lean shale (50 per cent). . ........- 
Shale, slightly eurly (95 per cent), and 
rich shale (5 per сөпі)................ 
Shale, вәпду........................... 
Shale, hard, rich, and lean shale 
(estimated yield, 30 gallons) - ..... 
Shale, thin bedded, lean............--- 
Shale, massive, rich; ‘weathers 
ІШІҢІЗ. НЕЕ eens errat 
Shale, thin bedded, lean (90 per cent), 
and rich shale (10 per cent) -:.-.----.- 
Shale, dark brown, rich, and lean shale 
(50 per cent өзеҺ).................... 
Shale, hard, dark brown, rich. .... 
Shale, drab....... eer 
Shale, thin bedded, 168п............... 
Shale, woathers blue; massive, rich 
(saxnples 32, 33, 34, 35, and 36; 14.7 
to 40.6 еаПопв).......--..-...-.-. 
Shale, thin bedded, lean...........-+ "e 
Shale, hard, dark brown, rich. .... 
Shale, hard, black, rich 
Shale, thin bedded, lean...-..-.------- 
Shale, hard, dark brown; estimated 
yield, 15 gallons 
Shale, light отау-.----.......... 
Shale, curly; will yield oil..... S ODE 


Fiia. 


3 


3 4 
5 
2 


о 


10 


5 8 


10 


10 


10 


18 


6 


Shale, dark brown, hard, rich......... 
Shale, sandy, сагропасеоив-.........-.- 
Shale, curly, papery, and small 
lenses of solid hydrocarbons. ....- 
Shale, dark brown, hard, rich..... 
Shale, drab 
Shale, partly papery, curly, with a few 
i-ineh beds of hard, dark-brown, rich 
SAL Soe C UE ort = zu elc 
Shale, curly, papery; will yield oil...... 
Shale, dark brown, thin 
Беа 
Shale; sandy a о 
Shale, brown, curly, with 


lenses of sandstone. .... 
Sandstone, lenticular..... (sample 
Shale, thin bedded. ...... 3l; 15.5 
Shale, light brown, lean. . | gallons). 


Shale, very dark brown, 
curly, thin bedded..... 
Shale, thin bedded, 


Shale, eurly...........-. 

Shale, curly, papery, will yield oil..... 
Covered, mostly shale.............. s. 
Shale, curly, papery; will yield oil..... 
Covered, probably mostly shale........ 
Shale, dark brown, rich............... 
Shale, much of it papery, curly; will 

yield а small amount of oil. . . ........ 
Shale, eurly, papery, fairly rich (samples 

27, 28, 29, and 30; 8.4 to 12.5 gallons). . 
Shale, much of it curly and will yield oil. 
Shale, curly, papery; will yield oil...... 
Shale and clay, tats. «sore ri rrr жың» 
ООН. полосок s 
Shale, sandy at ра5ө,................... . 
[60313 азары ТЕ 
Sandstone 
Sandstone, ripple marked at Тору with 

|811505:0Ш ОП». .252245ы<»-4555.-2536 
Shale, sandy ааа зімен ашай au 
Oolite, massive; weathers brown. . 
О стен акун Исе ия 
Sandstone, oolitic at base, thin bedded 


Oolite. -- 
eI t ONO etae eie cuu s) ace imis asperior pe ей 
Sandstone, brown, fossiliferous (gastro- 

pods) 
Sandstone, massive, irregular base, rip- 

ple marked on top.-.--------+-------- 
Covered, but probably tan-colored shale. 
Sandstone, resistant and cross-bedded at 

top, friable near baso.--..---..--..... 
Sandstone, light gray to white, coarse. . . 
Sandstone, clay, and varicolored lenticu- 


larshale.......--.------- Salen vites 


тоба] зесйоп....-..........-....- 
Totalshale yielding more than 15 gallons 


ТОР yu puer T EP EET 
Totalshale yielding more than 30 gallons 
to the t0n........ 2. e ee 4445444455 . 


Ft. 


Section near location H, from gas well to mouth 
of Piceance Creek, T. 1 N., R. 97 W.—Contd. 


in. 


оо t2 ho 


COLORADO. 


Location І, north of White River, T. 1 N., R. 96 W. 


Sandstone, ripple marked.............. 
Sandstone and shale 
Sandst one, conglomeratie, friable, yel- 


Shale, drab PRA кы Ap i сеА 


Shale, drab, with thin beds ofrich shale. 
Shale, thin bedded, curly.............- 
Shale, drab 
Ё Shale, lean (25 per cent), and rich shale 

(HESSE Vol Pest и 
БЕТ АШЧУ irs а сл eA 
Shale, dark brown, massive, rich...... 
Sandstone, тіпМө...................... 
Shale, thin bedded, and lean brown 

SE yep eee К nese god ee nD 
Sandstone, oolitic, tan-colored.. ........ 
Shale, gray, thin bedded..........-.... 
Sandstone, oolitic and conglomeratie 
Shale, gray, thin bedded.......... 
Shaleand sandstone, lean........ 
Sandstone, порае date сет Ас: б 
Shale py К ләә Зеки КУЛКИ Aerei t 
Shale, curly poor yield, not more 

than 10 gallons). . 
ШАКИ ubt ee Le eds 
Sandstone, oolitic, ripple marked. ...... 
Shaleand sandstone, lenticular......... 
Sandstone, oolitic, and oolite...... 
Shaleand thin beds ofsandstono.. 
Shale, brown, curly...----------++ 
Sandstone, friable, lenticular........... 
Shale, sandy, drab 
Shale, t hin bedded. . 
Shale, sandy, drab 


Total section 
Total shale yielding more than 15 gallons 
Ое боса emacs. 151 


Location J, T. 1 N., R. 96 W. 


Shale, gray; probably will yield little or 
BO OD S. ре» иын е НЕ СЕЕ imd. 
Shale, containing а few thin beds ofrich 
о ансат СВ 
Shale; contains a large number of rich 
layers interbedded with sandy shale. . 
Shale, thin bedded; contains a large 
number of thin beds ofrich shale; the 
whole slightly richer than the unit 
Пехфафоуө.........-.-..--.-----.-.-. 
Shale, hard, dark brown, rich deo ЖЕТЕН 
Shale; contains 9 few thin beds of rich 
ВЕРСТ ба а 
Shale, hard, dark brown, rich. . 
Shale, thin bedded, slightly sandy..... 
Shale, hard, dark brown, rich (sample 41; 
13.7 БаЛелау-.-.-.2..--... Еле ЕТЕ 
Шатаа Лы бас I d дау ЫН" 
Shale, hard, brown, massive (sample 40; 
КОБОЕ О per Er 
Shale, interbedded with layers of rich 
shale; the whole probably lean. ...... 
Shale, thin bedded, slightly sandy. .... 


Ft. 
25 
189 


15 
58 


нымны 


20 


15 


іп. 


Location J, Т. 1 N., В. 96 W.—Continued. 


Shale, hard, dark brown, rich. ........ 
Shale, thin bedded е 
Shale, hard, dark brown, rich......... 
Shalo Sut yn eiue сек eie per 
Shale, hard, dark brown, rich......... 
(а эда А а mae ee 
Shale, hard, dark brown, rich, with 
ПОРТО АО egets 
Shale, thin bedded, slightly sandy..... 
Shale, hard, dark brown ,rich......... 
Shale, thin bedded, slightly sandy, con- 
taining caverns in places filled with 
ВОНА MY OVOS O 5----.--..-----.-:- 
Shale, sandy ....... 
Shale, lenn::......- 777 
Shale, hard, dark brown, rich... 
Shale, thin bedded, slightly sandy 
Shale, hard, dark brown, rieh........ = 
Shale, lean, slightly sandy. ............. 
Shale, sandy, thin bedded... 
Shale, sandy; contains a few thin layers 
ойбай ЫЕ aw. АМО 
Shale, gray, slightly sandy............. 
Shale, hard, dark brown, rich, with 
lean shale interbedded............... 
Shale, gray, slightly sandy 
Shale, lean. ............- 
Shale, sandy 
Sandstone, tan-colored................. 
Shale; probably will yield a small 
CMa суулы гуу а шнш ee 
Shale, gray........ 
Shale, hard, dark brown, rich 
Shale, papery, lean............... 
Shale, запар аы 
Shale, dark brown, rich 
озон: 22-22-2202 
Shale, rich 
Shale, gray, slightly sandy 
Shale, hard, dark brown, rich......... 
Shale, lean 
Shale averyaean ser ce M LIE 
Қалабай ы vinta а e RONDE ace a aru e n un 
Shale, dark brown, rich 
Shale, lean... .....-....--ue- 
Shale, hard, dark brown, rich 
SHAS MOAI eco aeree ORE ETE 
Shale, dark gray, thin bedded, lean... . 
Shale, gray, slightly sandy ............. 
Shale, brown to black, thin bedded, 


Shale, brown to black, thin bedded, 
probably Ваш а. ые ee ee 
Shale, sandy, thin bedded... 
Shale, dark brown to black, thin bedded, 
ПЕ -_ sei eec e eem A mA rrr nee 
Shale, dark brown to black, thin bedded 


to almost papery, lean. ...... 
Shale, hard, dark brown, rich.. 
Shale, drab, thin bedded, sandy........ 
Sandstone, massive, showing slight 
TIDDIO TATE. а TNR Vi a 


Shale, sandy .- - -.........- 
Sandstone, massive, resistant. . 
Shale, gray, thin bedded.... 
Sandstone..............--- 
Shale, gray, thin bedded.. 


T: 
QW Ag 


2 
ш 
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Location J, Т. 1 N., В. 96 W.—Continued. 


Ete abet 

Sandstone, massive, cross-bedded...... 15 
Shale, gray, thin bedded..............- 5 
Shale, dark gray to black, probably lean. d 
Shale, gray, thin bedded, with thin beds 

of sandstone. ..-......... 25 
Shale, hard, dark brown, rich 3 
Shale; weathers gray; lean.............- 1 
Shale, gray, thin Бейдей.............-. 12 
Shale, thin bedded, dark brown to 

black on fresh surface (sample 39; 13.7 

ҒАПОП5).....-...-.------.-»«-.-%«-«4«-. 8 
Shale, hard, brown, probably rich. .... 6 
Shale, thin bedded, lean 8 
Shale, hard, dark brown, rich.......... 3 
Sandstone, with numerous fragments of 

vegetable тешяіпв.................... 2 
Shale, gray, sandy, with thin beds of 

lean shale...-.......- en came ee ais aie 10 
Sandstone, coarse grained, conglomer- 

atic, containing flat pebbles of shale. . 1 
Shale and sandstone; much of the sur- 

face соуетей.......2,-:..222226-122..2 45 
Sandstone, conglomeratic, tan-colored; 

contains flat pebbles of shale as long as 

4 inches and as thick as one-quarter 

ШОН chia ades eene АНА 8 
Sandstone, tan-colored, massive, slightly 

friable, minutely cross-bedded........ 35 
Shale, drab, вапау....... Же а 55 
Бапдбсіспе.....%5.-к-.--.2---..-........ 1 
Sandstone and shale, fossiliferous....... 30 
Sandstone, tan-colored on weathered 

surface, minutely cross-bedded....... 2 
Shale, sandy; one fossil leaf was found 

in this төшег..........-..........-. 5 

ове section... levure ntn 1,166 103 

otal shale yielding more than 15 gallons 

to tho ОА sipe aie eas ene njen ajes ae 18 


Location K, on north side of Fourteenmile Creek, 
T. 3 S., К. 95 W. 


Ft. in 

Sandstone, brown, massive 50 
Shale, light Әгомп,.........--.-..-..-.. y5 
Shale, thin bedded, light brown, lean 

(sample 44; 6.2 раПопв)...........-... 64 
Sandstone, shaly 19 
Shale, thin bedded; weathers light gray; 

probably as rich as the bed from which 

sample 43 was taken ы 40 
Sandstone, shaly 5 VW. 
Shale, thin bedded; weathers light gray; 

probably as rich as the bed from which 

sample 48 was баКеп.................. 59 
Shale, dark brown but prob- 

ably not гісп............. 3 
Shale, thin bedded, 

hard, black...-----s2«- =. 7-72 
Shale, brown, hard, prob- (sample 48; 

ӨРҮЛӨТ н лыы IDE 9.4 gal 7 
Shale, very dark brown,| 1018.) 

Baur... ЕЕН 5 126 


Shale, dark brown, contain- 
ing small lenses of sand- 


OIL SHALE OF THE ROCKY MOUNTAIN REGION. 


Location К, onnorth side of Fourteenmile Creek, 


T. 3 S., В. 95 W.—Continued. 


Sandstone, irregular in thickness. .....- 
Shale, lean (80 per cent), and rich brown 
shale (20 per вепф).......-............ 
Shale, light brown; weathers white; lean. 
Interval, probably mostly shale........ 
Shale, gray 
Shale, thin bedded, light colored........ 
Shale, dark drab, thin bedded... 
Shale, very thin bedded, with thinlayers 
of rich dark-brown shale.............- 
Shale, gray, lean; weathers to small 
ПАЗ еее cw wen snes atone 
Shale, thin bedded, lean. . 
Sandstone, coarse grained, irregular 
gaa lo Cr мэде vas ЕО ia nis sim 
Shale, bluish ртау........--------.-.--. 
Sandstone, fine grained. ...... 
Shale, bluish gray; contains vegetable 
PIA CPURTTT TES OU COD IL 
Sandstone, brown, shaly...........----- 
Shale, gray, with a few thin beds of rich 
СТО зза с 
Samdstone, grayish brown. . 
Shale, drab, platy; contains stems of 
wood and pockets of solid h ydrocarbon 
Sandstone, ғтау........................ 
Shale, р8у........-----.--------------- 
Sandstone, Вгояп.........-......-.--.- 
Shale, шау........-...-.-.“-%.----:---- 
Sandstone, brown...... ab 
Shale, gray, clayey- . -.... 
Sandstone, coarse, yellow..............- 
Shale, drab; contains wood fragments. . 
Sandstone, coarse, angular grains, yellow 
Shale, стау.--...............1........-. 
Sandstone, brown, соятвв..........--... 
Shale, light агар. 
Sandstone, coarse, yellowish brown. ... 
Shale, light drab, very elayey.......---- 
Sandstone, yellowish brown, ripple 
ТАТЕ КЕТ cee eie erem rede wee dais 
Shale, drab, sandy, with three thin beds 
of brownish sandstone................ 
Sandstone, yellowish brown, upper part 
oolitic; contains rounded quartzite 
рерМев,2......2.............2........ 
Тор of Wasatch formation. 
"l'obalsecuoENe А were Rr 
Total shale yielding more than 15 gal- 
lons'to'the 10m... 02 TE 


Location L, on Piceance Creek, T. 4 S., 


Sandstone, brown, massive. .......--..- 
Shale, sandy; weathers light gray....... 
Shale, dark brown, hard; weathers gray; 


Shale, hard, dark brown, rich......... 
Shale, dark brown, hard; weathers gray 
(probable yield, less than 15 gallons). . 
Shale, hard, black; weathers bluish 
(estimated yield, 25 раПопя).......... 
Shale, dark brown, hard; weathers gray; 


11 


Baten 


= 
оо Cn ка ob 


5 


К. 94 W. 
Ft. in. 
150+ 

95 


COLORADO. 58 
Location L, on Piceance Creel, T. 4 S., В. 94 Location M, on north side of Pole Gulch, 
W.—Continved. Т. 4 S., В. 94 W.—Continued. 
Ft. in. Ж іо 


Shale, hard, dark brown (estimated 
yield, ЗАО сы сасайын ke 
Shalo, dark brown; weathers gray; lean. 
Shale, dark brown, rich, and thin- 
bedded Shales. еда E 
Shale, brown; weathers gray; with afew 


Shale, light brown, with beds of rich 
shale (probable yield less than 10 gal- 
lons).... ^ 

Shale, dark brown; weathers blue..... T 1 

Shale, very light brown; weathers yel- 
lowish gray; will yield very little oil. . 15+ 


thin beds of hard, dark-brown, rich Pepe 
Grint ee DUREE ME E ОЕ ЕТО Ро sione cie vhi quinte sie 1077: 59 

Sandstone, shaly; weathers re ddish Total shale yielding more than 15 gallons 
‘ to thoton deter c eor ара ЫБЫ 2 9 


DTOWIL қызға йы одын NS 
Shale,drab 
Sandstone 


Location М, on the face of a cliff southwest of 
Cook's ranch, T. 4 S., R. 94 W. 


SEU e t cM S Ft. in 
andstone. . са. 
Е. Тор of cliff approximately 1,400 feet 
SE Р y ‘J „ 
а i pec above the base of the Green River for- 
Shale, bluish drab, with about 5 percent xai 
of beds of sandstone 5 inches thick. . . . = 
Shale, thin bedded; weathers platy; 
Shale, drab, slightly sandy, interbedded fear As platy; 15 
E yin layers GE sandstone 1 foot thick.. Shale, dark brown, rich; weathers blu- 
Sandstone, brown, coarse grained. ...... ish gray and thin bedded 6 
ИЕ sli à 5 À thin bedded. ......:..... 
B сар жү us Shale, light brown; weathers yellow; 
ie EU ааа aes cag probably will yield a small quantity of 
DODO аи ма уэкил ЫЛЫ ЕТЕТІҢ \ 

EE Oll егер seo DT gii erae: 3 
Sandstone, brown 4 Shale and thin sandstone bed . 5 
Shale, drab, somewhat sandy, inter- Sum ean з 6 

bedded with about 20 per cent of sand- Shale. valova с pays will E: old 4 nab 
Stone in beds 8 inches thick........:. little oil { 5 
Sandstone, brown. .... РЫНА М Shale, light brown; weathers to thin 
Shale, drab, sandy, with about 40 per laminae (sample 49; 10.5 gallons). ...:- 3 
cent of sandstone in beds 1 foot thick. Shale, yellowish grày, probably very 
Sandstone о i dE 0 Meare ok Pee ЖУЫ weer dt 7 
шен =. к АН к Ke Shale, dark brown, тісһ............... 6 
LAO а ДЫ алаты асар дарын Ea Ы Shale; weathers gray; probably will 
(ahalosprobabiy= 50r perecen ior и yield a small quantity of oil.......... 7 
г Уһо1ө)-...................... 200 Shale, dark brown, rich (sample 48; 
Sandstone, massive, brown... 2 12 15,5. gallons) eoo. тани mor 
pistons indera enoyar T aede Shale and thin-bedded sandstone; will 
а ЕТ андер c er IM arent 3 2,002 5 probably yield a little ой............ 5 
Totdl shale yielding morethan 15 gallons Shaler brown сай 2 
S } о 
Пр ОА 5 5 И 2222222. 6 
Shale, dark brown, rich; weathers blu- 
Location M, on north side of Pole Gulch, PEU OU ане 5 
T. 4 S., К. 94 У. Shale, lean (estimated yield, 10 gallons). 2 
Еш in. | Shalo, light brown, very lean.......... 5 4 
Shale, light brown, weathers gray; con- Shale, dark brown, rich...... 1 
tains a few thin beds of rich shale..... 75 {лге дэе Сы 8 
Shale, black, massive; weathers dark Shale, dark brown, rich...... 1 
нда аны m EINE E 1 Sandstone, irregularly bedded. C. 2 
Shale, light brown; weathers gray; con- Shale, dark brown, rieh, containing 
tains several thin beds of sandstone, much pyrite..... Reet lets a D 2 
also thin beds of rich shale-.-..:..... 17 Shale, gray, and thin sendstones-*- d A d 10 
Shale, dark brown, rich... -.......... 8 визе, dark brown, тісі; weathers blu- 7 
Shale, light brown; weathers gray; will Se IS? Neer EIS CT ala à 
Я Р : Shale, lean и 
yield а small quantity of oil. ......... 25 СЕЗ БАП darc DrownywddUbors 
к [> 9 E A , 2 
Shale, brown (sample 46; 12,5 gallons).. С bluish gray; contains а large 
Shalo, gray, Іва... „еее етет 5 атола ог pyrite le. з. Е 10 
Shale, brown, probably not quite as rich Shale, gray (may yield as much as 10 
as the bed from which sample 46 was 11 
Ge. rie e ed err oco Зд и еце 4 6 | Shale, thin bedded (may yield as much 
Shale, light brown; will yield a small 98215 Бои а И СЕЕ 8 
о де za away geen 255 ЛА cda b Shale, weathers white. ................. 16 
Shale, brown, weathers thin peated, Shale; weathers bluish (will not yield 


curly (estimated yield, 15 gallons).... 2 more than 10 раПопв).......-.-....... 10 


54 


OIL SHALE OF THE ROCKY MOUNTAIN REGION. 


Location N, on the face of a cliff southwest of 
Cook's ranch, T. 4 S., R. 94 W.—Continued. 


Shale, dark brown, rich; weathers blue; 

contains a large amount of pyrite..... 
Shale and sandstone. ...............-.-- 
Shale; weathers white........... 
PROCS TONG iiew puse qoa Beers 
Shale; weathers white; lean... 
Sandstone 
Shale; weathers white; will yield a little 


Shale; weathers bluish; thin bedded 
(sample 47; 7 саПопвя)................ 
Shale; will yield a little oil 
Talus slope concealing the lower rocks. 
МУ ТО О 
Total shale yielding more than 15 gallons 
to the ton 


Ft. in. 
3 

6 
1 
3 
TE (8 
3 
йы S 

2 
25-76 
141 4 
15 6 


Location О, in Parachute Cliffs north of Morris 


station, T. 6 S., R. 94 W. 


Shale, brown; makes the upper part of 
the cliff; probably will yield consider- 
able oil but could not be examined.. 

Shale; weathers thin bedded; black 
to bluish gray (sample 50; 40.6 
РА ОУ ы енен кекете eh 

Shale (probably will yield less than 15 

25003) eee E 
Shale,hard,blaek,rich. 
Sandstone (exeluded 


from sample)......... (sample 51; 
Shale,light brown, very} 28 gal- 

Ward, та quede 1опз). 
Shale, black, hard; ap- 

pears to be very rieh. - 


Shale; weathers white; thin bedded, 
slightly carbonaceous; contains a few 
thin beds of rich shale, also sandstone 
ОЗ кие а жаана add tie Нея 

Shale,light yellow, thin bedded, sandy. . 

Sanstone, coarse grained................ 

Shale; weathers white; contains some 
Е еек 

Shale, rich, dark brown 

Shale, slightly sandy, thin bedded. 

Shale, rich, dark brown......... 

Shale, slightly sandy, gray. 

Shale, dark brown, rich. 

Бао Теа... ОТУ 

Shale, mostly gray, partly sandy; con- 
tains a few beds of curly shale; the 
whole is supposed to be very lean... .. 

Shale, with some sandstone beds as thick 
ӨЗ ЛӨӨ КЛЫ ЛИЛ TODO TII REOS ШЫ 

Sandstone, tan-colored, coarse grained .. 

Shale, dark brown, rich. ............... 
Sandstone (90 per cent) and shale (10 per 
cent); sandstone coarse grained, cross- 
bedded, conglomeratic in lower part. . . 
Shale (90 per cent) and sandstone (10 per 
cont) this member contains beds of 
sandstone as thick as 8 feot; shaleis in 
places slightly carbonaceous.........- 


Ft. 


2104 


100 


ш. 


10 


а 


Loeation О, in Parachute Cliffs north of Morris 


station, T. 6 S., R. 94 W.—Continued. 


Sandstone, light tan-colored to gray, very 
persistent in thickness. .......-.....-. 
Sandstone (25 per cent) in beds not over 
8 inches thick and drab shale (75 per 
Oolite (50 per cent) and thin-bedded car- 
bonaceous shale (50 per cent); contains 
ББ CLASS Ды Re DRM M CI 
Sandstone (10 per cent) ind shale (90 per 
cent); some of the sandstone beds are 
as much as 5 feet thick and are con- 
glomeratic 
Shale, drab; contains a few thin beds of 
база зе. л. „За remise 
Shale (90 per cent), in places thin bedded 
and slightly carbonaceous, and sand- 
stone, іп part ripple marked (10 per 
cent) 
Sandstone (50 per cent) and gray shale, in 
part clayey (50 per cent); sandstone at 
top is even bedded and appears per- 
sistent; that in the lower part is irregu- 
Lanainit hi ckanessiee 22-222... 
Shale, for the most part gray (75 per 
cent), and thin-bedded sandstone (25 
per cent) 
Sandstone and shale; sandstone beds are 
massive, tan-colored for the most part, 
and cross-bedded; shale іп the lower 
part of the member is yellow and is 
similarto Wasatch. At the base of the 
member is a bed of massive sandstone 
10 feet thick, with 15 feet of thin-bedded 
sandstone above. These beds are 
irregularin thickness and look like the 
typical Wasatch. 
Variegated clays and shales with sand- 
stone lenses at irregular intervals, 
Оба ес оа seai rese ока aie 
Total shale yielding more than 15 gallons 
ее. 
Total shale yielding more than 30 gallons 
PONTO POTS ТШ. оза ree ance eae 


Ft. іп. 


"n 


5 


60 


70 


100 


300 


750 


2,082 2 


15 114- 


104- 


Location P, in upper part of Parachute Cliffs, north 
of Rulison, Colo., T. 6 S., В. 95 W. 


Shale, massive, probably will yield con- 
siderable oil; forms at this locality im- 
passaáple dit, ол. 

Shale, light brown (sample 56; 11.2 gal- 


Shale, brown, probably richer than that 
Ое Рози Уб. „нь знак» 
Shale, dark brown (sample 55; 15.4 
gallons) 
Shale, probably asrich as that above 
Sandstone ЗВ. 
Shale, probably fairly rich in oil... 
Shale, thin bedded; weathers black; 
inclined to be curly (to be corre- 

lated with the bed from which 
sample 50 was taken; see above).. 


Ft. in. 


= 


COLORADO. 55 


Location P, in upper part of Parachute Cliffs, 
north of Rulison, Colo., T. 6 S., R. 95 W.—Con- 
tinued. 


Ft. іп 
Shale; weathers yellowish; lean........ 25 
Shale, dark brown; weathers gray 
sample 54; 20.7 gallons).......---- 8 
Talus slope. --- 
Totalaections а онаа 0 382 
Total shale yielding more than 15 gallons 
HOON OD cro ades ptu C capat d bed etc 824- 
Total shale yielding more than 30 gallons 
Шо OPO ig нысына ен dr la pee n 6+ 


Location О, in Cathedral Bluffs, about sec. 16, 
T.1S., В. 100 W. 


Ft. іп. 
Sandstone, yellow, coarse. ......... ЕМЕ 
БЕ Қанаты тар қосын 25 
Shale, sandy, уеПом.................... 185 
Shale, lean. .. 185 
2 
8 
it 
Shale, Балан ое ike 
Shale, rich.........: E 
Shale (not sampled)..... «өленін d 
Sandstone (not sampled) 298: 17 1 
Shale, thin bedded. .... slions) 2 2 
Shale, lean (not sampled) Б $ 2 8 
Shale, thin bedded, rich 2 
Shale, lean. . .... KE EM IET 3 
Sandstone, ferruginous, eoneretionary... b 
Bhale, barren 6 
Shale, thin bedded (sample 227; 
21 gallons) 199 2 
Shale, massive (sample 22 
Ballo? уы ҰТТЫ ТТЫ ҚҰМ 5 9 
Salo, medium об... 1 
SAUTIBEOHG, ее rues cer ыла; " 2 
Shale, massive, lean. -..::..:.:......... 1 
ООО АСЕ: 1 
Shale, thin bedded, lean 1 
Shale (sample 225; 25 gallons). SET) 
Sandstone 1 
Shale, probably nearly às good as 
Батар 224a е ЖБИ... 15 
Shale, massive, medium rich 
(sample 224; 18 gallons). .......... 10-26 
Shale, partly massive, partly sandy, 
partly thin bedded...... Rer vem. 8 


Shale, lean, with thin beds of rich shale. 15 
Interval, covered, probably barren shale. 36 


Shale, medium rich 2 
Shale, barten. ....c.c-sb.. 2202 -s60 2 ie 3 
Shale, thin bedded, like sample 223. 2 1 
Shale, thin bedded, 1еап................ 27 
Shale (sample 223; 21 gallons) ..... Ue 2 
Shale, thin bedded, like sample 222..... 15 
Shale, thin bedded, 1вап................ 19 
Shale, thin bedded, medium rich....... 1 10 
Shale, thin bedded, mostly lean....... 23 
Shale, thin bedded (sample 222; 9 gal- 
Шан mun Er toe eee ees EQ 6 


Shalo, lean or barren. . ............--- Se gi b 


Location Q, in Cathedral Bluffs, about sec. 16, T. 
18., В. 100 W.—Continued. 


Ft. in 
Shale, thin bedded, about like sample 
М мекен rer pied olio eter peu te dud 3 6 
Shale, thin bedded, not as rich as sample 
DON Se ИЕ Lice nee ie Төр 9 6 
Shale thin bedded, lean (sample 221; 
YES oy beoe euet Уен заве т 10,219 
'Talus covering shale at base of section, 
probably for most part lean, 
ТоуӘізесиов- ыа 689 9 
Total shale yielding more than 15 gal- 
lonstotheton m бен. АИ ИШ 63 
Totalshale yielding more than 30 gal- 
ОО О ТОВ eros una ысы, ENS 5 9 


Location R, a quarter of a mile below junction of 
Middle Duck and Big Duck creeks, about sec. 
19, T. 1 S., R. 99 W. 


Tt ia. 
Upper slopes covered. Farther up 
canyon, at forks of creeks, a massive 
rieh bed is partly exposed in the beds 
ofthe creeks.] 
Shale, chiefly lean.......2.:..... а. 5 30 
Shale, thin bedded, medium rich....... 12 
Sandstone, yellowish, concretionary... 2 4 
Shale, thin bedded, lean to barren...... 10 
Shale, thin bedded, medium rich.. = 6 4 
Shale, yellowish, sandy... .. =, 2 10 
Shale, massive, medium rich. = 4 2 
Shale, thin bedded, lean. ............... 8 
Shale, massive, lean to medium rich... . 67158 
Shale, massive, medium (sample 
229; ОБО ал LTDA. 9 4 
Shale,thin bedded medium rich to lean. 10 
Оазе оО Л i. oue 0 ЛО 8 
Total shale yielding more than 15 gal- 
ПО О О кшз Ы, ате male 9 4 


Shale, thin bedded, barren. ............ 20 
Shale; Пол 212.2594. а ee ы: 2 
Shale, lean or barren, with a few thin 
sandstone beds and probably a few 
streaks ofrich oil shale. .............. 242 
Shale, thin bedded, medium rich.. il 


Shale (sample 244; 25 gallons)..... 7 
Sandstone о и 2 
Shale, barren, yellow. ......... uera nna 3 

Shale (sample 243; 26 gallons)..... 4 10 
Shale, lean, massive and thin bedded.. 15 6 
Shale (sample 242; 28 gallons). . ....... Зал 
elasin ТТР 8 

Shale, massive (sample 241; 30 gal- 

ТӨШӨЙ er. cux «ИЗ. ами ad SAU 
Shale, lean, with thin rich beds. * 38 
Shale, thin bedded, lean. ............... 22 

Shale, thin bedded (sample 240; ` 

22 БӘПЮТІ5)......%.2..24.5... de cH 5 6 


56 


Location S, about sec. 21, Т. 2 S., R. 100 W.— 


Continued. 


Sandstone, уеПоу.....-....-.-...:.-... 

Shale, lean and barren, thin bedded, 

with thin rich 50168 Е8................ 
Shale, massive, rich. ... 
Shale, thin bedded, me- 


damen S (sample 
Shale, yellowish, sandy,, 239; 21 
massive, barren........ gallons). 


Shale, thin bedded, me- 
UPTO (erue ct rp ie 
Bhale, barren 
Shale, thin bedded, medium rich to 


Shale; barren, sandy... . 
Sihale, massive (sample 238; 31 gal- 
ЛОК ООНА е сИз. a oars, 
Shale, thin bedded (sample 237; 11 gal- 
ДОП) ена е АУА КЕ 
Shalejbaneno. ове 
Shale, thin bedded (sample 236; 18 gal- 
lonsy- So pL Ie un c Pio Е 
Shale, thin bedded, barren. 
Shale, massive, rich. .... a 
Shale, lean and Вәттеп...............: 
Shale, medium тісһ..........:......... 
Shale, barren : 
Shak, thin bedded, medium rieh...... 
Bhale, Darren. р. B 
Shale, thin bedded, medium тісі. 
Bhale, barren, yellow..... 5 
Shale, like sample 235 
Shale, thin bedded, lean or barren, with 
а few sandstone lentils. 
Shale, massive (sample 235; 34 gal- 
Jons) 
Shale, lean and barren. .. 

Shale, thin bedded, medium rich.. 
Су Баай anti car «eter oa einen a 
Shale, thin bedded, medium rich...... 
Shale, parren ртау..................... 
Shale, thin bedded, lean and barren.... 

Shale, thin bedded (sample 234; 

PRT No oi) oanname Ree eeu. terse: a 
Shale, barren, and sandstone, yellow. . . 
Shale, thin bedded (sample 233; 

20 раПопв)........... 
Shale, lean and barren 

Shale, thin bedded, lean or medium 

iss os CA ANA ре куак 
Sandstone, yellowish 
Shale, thin bedded, medium тісһ..... 
Shale, thin bedded, interbedded lean 
Bid. HALON: рер СЕ) 
Shale, lean, with rich beds. . p" 
Shale,lean or ®аттеп................... 
Shale, lean, gray, with а few very rich 


Shale, yellowish, sandy 
Shale, gray, barren, with a few thin 
rich: Вей. аео ten 
Shale, thin bedded, Jean. . МА, 
Shale, отау, атте... «еа 
Sandstone, massive, yellow, with inter- 
bedded thin gray shale and sandstone 
(probably top of Wasatch formation). 


[m 


= 


- 


10 


OIL SHALE OF THE ROCKY MOUNTAIN REGION. 


Location S, about sec. 21, T. 2 S., В. 


Contin' ed. 


Shale, gray, with sandstone lenses...... 
Shale, brownish, thin bedded, with thin 
вапавзіюпе18уетв.................. 
Shale, brownish, thin bedded 
(sample 232; 20 gallonsg)........... 
Shale, brownish, thin bedded, with thin 
sandstone Іауетз...................... 
Shale, brownish, thin bedded (sample 
231; 12 pallone ИШТИН ОТЫ 
Shale, brownish, thin bedded, with thin 
sandstone Іауетв.................. 
Shale, brownish, thin bedded 
(sample 230; 22 gallons)... зі 26. 
Shale, thin bedded, apparently oil shale; 
partly рова ош 
Shale, gray, platy, with interbedded 
SEROUS COORG клы ка 


Shale, greenish and gray........... 
Sandstone, massive, yellow. 
Shale, gray, and gray and yellow sand- 


Sandstone, massive, gray;  weathers 
ЦО тет КРЕСТ САЗЫН, 
Shale, gray, апа greenish sandstone, 
thin bedded а. орао оо оса 


Sandstone, massive, yellow, with inter- 
calated beds of soft sandstone and 


otal sections ЖЕЕ ДЫ Е 
Total shale yielding more than 15 gal- 
Тохо Нео еер рак есы 
Тоба! shale yielding more than 30 gal- 
оС ое iss ape н оао ена 


100 W.— 


10 55 


Location F, south of Little Tommies Draw, sec, 14, 


T.3 8., R. 100 W. 


Sandstone, yellow ...------- нина: 
Shale, lean and barren. Е 
Shale, thin bedded, medium rich. .... 
Shale, lean and barren 


Shale, lean and barren.................. 


Shale, thin bedded, 
СП абыл cee з ( le 253, 
Shale, yell г аре, 
ale, yellow, barren 22 gallons). 


(not sampled). ...... 
Shale, massive.. ....- 
Ss badly weatbered; may be 


Shale, thin bedded and massive 
(sample 252; 22 gallons)........... 

Shale, thin bedded and massive 
(sample 251; 26 gallons).......... ” 


Ft. in 
5 
155 
1 6 
65 
2 6 
9 
4 
55 
8 1 
1 10 
1 2 
18 
8 6 
7 п 


COLORADO, 


Location T, south of Little Tommies Draw, sec. 14, 


T. 3 8., В. 100 W.—Continued. 


Shale, yellow, barren................... 
Shale, thin bedded (sample 250; 27 
galónB). «25:5 S070. МА «ЛЫ 
Shale, thin bedded, lean. . 
Shale, yellow, -barren..... 
Shale, thin bedded, lean. ............... 
Shale, massive, rich. . ................. 
Shale, thin bedded, lean or barren...... 
Shale, thin bedded, medium rich....... 
ту, Уе «scat tise Аа 
Shale, yellow, Бәттеп................... 
Shale, thin bedded, lean, with several 
thin rich beds. ..... Epa ee жыш 
Shale, lean, with thin rich beds......... 
Shale, thin bedded, lean, with thin rich 


Covered, probably mostly lean and bar- 
TOU SD HOES eee ieee sein aa notte 
Shale, yellow, Валтеп................... 
Shale, thin bedded, lean................ 
Shale, massive, іеһ:.................. 
Shale, thin bedded, lean................ 
Shale, yellow, barren.................-. 
Shale, thin bedded, medium rich ....... 
Shale, thin bedded, yellow, barren. .... 
Shale, medium rich.. 
Shale, barren —(not|(sample 249; 
sampled) азаа: 22 gallons). 
Shale, thin bedded... 
Shale, thin bedded, partly yellow, lean 
куе сна А Ао 8 
Shale, thin bedded, rich......... caasa 
Sandstone, yellow 
Shale, thin bedded, lean. .. 
Shale, massive, yellow, barren, ......... 
Shale, thin bedded, 


lean and rich.......| (sample 248; 
Shale, massive, medi-( 23gallons). 
О О 
Shale, massive, yellow barren.......... 
Shale, thin bedded, medium rich....... 
Shale, massive, yellow, barren. ......... 
Shale, thin bedded, lean................ 
Shale, thin bedded (sample 247; 22 
gallons): ....-.....-5: 140.27. ТА 


Shale, sandy, barren...............-...- 
Shale, massive (sample 240 A; 24 
gallons). ұғы; ИДЕИ ЫТЫ жі 
Shale, massive, yellow, barren. . 
Соуетей.2.....52221.2....-2Х..011 
Sandstone, massive, yellow; with some 
thin sandstone, and shale (probably 
top of Wasatch formation). .......--- 
Сотетей алсала ее 
Shale, thin bedded, drab, with some 
yellow вапдбзюпе.........2...-....... 
Sandstone, massive, yellow. ............ 
Shale, thin bedded, and sandstone (sam- 
plo 246; 10 gallons from 5 feet at base). 
Sandstone, yellow, drab shale, and yel- 
low oolite, with 6 inches of coal and 
pelecypod-bearing beds. .............. 


я = 


110 


e 


10 


10 


о опо с 


9 


57 


Location T, south of Little Tommies Draw, вес. 14, 


T. 3 S., R. 100 W.—Continued. 


Ft. 
Shale, thin bedded, drab, and brown and 
yellow sandstone (sample 245; 7 gal- 
lons from 3 feet near base). .....- E EAE 80 
Sandstone, yellow, with drab shale.:..- 60 
Sandstone and shale, soft and thin bed- 
ded, with some beds of massive yellow 
Sándstone: 2... e e Luo EE НИ, 36 
Ооа еа ME Fe a асылы 52 
Shale, drab, with pelecypods ( Unio).... 7 
COB cp ERI HER 1 
Bhale, тарс Shi. ULL. UM жыл, Ш i 
Со. c. caste ver energie MEM Р EE 1 
Sandstone and shale, mostly yellowish 
drab.-..25..12. 2 GR А 95 
Sandstone, massive, уөПоч..........:.. 20 
Sandstone and shale, soft. . . 52 
Sandstone, massive, yellow........ As 5 
Shale and sandstone, mostly greenish 
таун ОЗ ey a 78 
Sandstone and shale, soft, yellow....... 18 
Shale and soft.sandstone, mostly grayish 
ZEON еъ ова 90 
Sandstone, massive, yellow...... ғ 9 
Sandstone and shale, soft, yellow....... 9 
Sandstone, massive, soft, yellow........ 4. 
Shale, mostly greenisb gray, some purple 
and drab Lr 43 
Sandstone, - massive; weathers olive- 
ТОО ОЕ 53. R pee E sie 15 
Sandstone, massive, soft, white. ........ 8 
Shale, grayish green, with soft sand- 
ВОН: анкета nsi ИР EI 34 
Shale, sandy, red 4 
Sandstone, massive, greenish on fresh 
surface; weathers olive-brown........ 3 
Shale, drab and gray-green, with soft 
sandstones Йылан ылы ып 40 
Sandstone, massive, white and light 
gray (Мезауегде)..................... 50 
Total sec uon. 2... оа НТ. 2,331 
Total shale yielding move than 15 gallons 
to the ton. ....... Ор Ж узе} S 73 
Total shale yielding more than 30 gallons 
Lo ho ОЕ Pec IT LEE 20% 10 


in. 


10 


9 


Location U, on Black Sulphur Creek, about sec. 4, 


T. 4 S., R. 99 W. 


" 
Shale, lean, with several thin beds of p 
ОБ. 40 
Shale, medium тісВ..................... 2 
Covered, mostly lean, with some thin 
т sapere ss Lenses 48 
Shale, medium rich... .................. 3 
Covered, mostly lean, with three thin 
RC DOUBT атта ILI LED cates 9 
Shale, medium rich... d 
Shale, sandy, yellow |(sample 259; 

(not sampled). ...... 24 gallons). 
Shale, medium rich... 6 
Shale, massive (sample 258; 18 gal- 

ТОБ) ONS ассо soon eae 


in. 


п 


11 
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OIL SHALE OF THE ROCKY MOUNTAIN REGION. 


Location U, on Black Sulphur Creek, about sec. 4, 


T. 4 S., В. 99 W.—Continued. 


Sandstone, yellow .....«.. «eec erue . 
Shale, yellow, Вәлтеп ..............-.... 
Shale, thin bedded, mostly lean........ 
Shale, mostly thin bedded (sample 
ОАО es sc ated Бешке 
Shale, massive and 


thin bedded......... 
Shale, yellow, barren 
(not sampled) 
Shale, massive........- J 
Shale, massivo and thin bedded 
(sample 255; 26 gallons)........... 
Sandstone, yolon. diain 
Shale, massive (sample 254; 31 gal- 


(sample 256; 
27 gallons). 


T'otalSeotioti metnin atann : 

"Total shale yielding more than 15 gallons 
ТОКОЮ „геи: уры» ней dete a 
Total shale yielding more than 30 gallons 
POMPTON ее aie moe T ECT 


Ft. 


16 


in. 
7 


11 


Location V, on east side of ridge between East 
and West forks of Lake Creek, sec. 15, T. 4 S., 


В. 100 W. 


Covered to top of hill, 

Shale, mostly lean or barren............ 
Shale, massive, lean to medium; 
weathers yellow (sample 270; 16 
ОӘП008)55-2455:.%5555:54552%%. 452% Я 

Sandstone, yellow ...........---- 
Shale, lean, thin bedded 
Shale, thin bedded (sample 269; 23 
EAllODS).... „уу ант dein enixa aiu 
Shale, massive; siet weathers 
yellow (sample 268; 22 gallons)... 
Shale, massive, Іеап.................... 
Shale; part weathers bluish and 
massive, badly weathered (sample 
267; 25 gallons) 
Shale, massive, lean, brown on fresh 
surfaces; weathers yellow. .....-...... 
Sandstone, yellow, concretionary . . 
Shale, massive, medium rich; 
weathers partly blue.............. 
Shale, massive, lean; weathers yellow. . 
Sandstone, yellow 
Shale, mostly yellow and. barren... 
Shale, thin bedded, Aston Eo 


weathers partly bluish ............ 
Shale; few rich streaks...........- 
Shale, thin bedded, barren, but with 
numerous rich вітөзкя................ 
Shale, yellow, Баггөп,...............-. . 


Shale, thin bedded, lean апа barren.... 
Shale, massive, rich; weathers blue. ... 
Shale, lean, thin рөйдей............... . 
Sihale, massive, rich; weathers blue... 
Shale, barren, yellow.........---.- eee 
Shale, thin bedded; weathers bluish 
instreaks (sample 266; 34 gallons). 
Shale, рае оне овес е остео Es 


Location V, on east side of ridge between East 
and West forks of Lake Greek, вес. 15, T. 4 S., 


R. 100 W.—Continued. 


Shale, massive, bluish, rich. ........-.. 
Shale, lean and barren, thin bedded. ..- 
with numerous 


Shale, barren, rich 

bluish streaks 
Shale, massive, rich. . 
Shale, massive, lean and barren. 
Shale, bluish, massive, rich. ........... 
Shalo, lean and barren; some medium- 


rich bluish өгей Е6...........-...-.... 


` Shale, thin bedded, lean to medium rich. 


Shale, thin bedded, lean...............- 
Shale, thin bedded, medium rich. 
Shale, massive, barren.............. 
Shale, thin bedded, medium rich.. 
Shale, yellow, Баггет-.....-.-------.--- 
Shale, thin bedded (sample 265; 30 
gallons) 
Shale, lean and barren... 
Shale, thin bedded (атай 964; 23 
Ballons) PEE E 
Shale, thin bedded, barren.........--.- 
Shale, massive; weathers blue (sam- 

ple 263; 29 gallons) 


Shale, sandy, yellow, barren..... ETE 
Shale, thin bedded, lean, some rich 
streaks; weathers white.............. 
Shale, massive; weathers blue (sam- 
ple262; 25 galons). aa ne me < aaaea " 
Shale, thin bedded, lean and barren.... 
Sandstone reddish s. 522522422222... 


Shale, thin bedded, lean, with a few thin 

rieh beds 
Sandstone, yellow . 
Shale, barren, with some rich streaks. . .. 
Shale, thin bedded, medium rich...... 
Shale, thin bedded, barren. .......... "Қа 
Shale, barren, and yellow oolite........ 
Shale, barren... 
Limestone, white, partly oolite......... 
ӨЛӨ IOWA cc З ccrto c eT t 
Shale; slope mostly covered with out- 

eropping ledges of yellow shales, oolite, 


Crore d S ОрВЕ-с--2--<<5-<-2-5-----2-2 
Sandstones, yellow, massive, with inter- 
bedded soft sandstone and sandy shale. 
Shales, partly petroliferous, partly dark 
clay shales, with interbedded thin 
sandstone and oolite (probably top of 
Wasatch formation) (sample 261, from 
bed 3 feet thick 65 feet above base, 22 
gallons; sample 260, from bed 1 foot 6 
inches thick 75 feet above base, 24 
PAO) aiana aana Soia EE i a 
Sandstone, massive, yellow 
Shales, dark 
Сочхетей.........-...в«««««-“««е-«аьк«е«. З 


Ора АНН ees аьан 


Total shale yielding more than 15 gal- 
lons to the ton... 
Totalshale yielding more than 30 gal- 
lons to the %оп.......-...-... ББ 


Ft. 


105 
12 
50 

100 


1,185 


10 


6 


п 


1 


COLORADO. 


Location W, at head of Brush Creek, sec. 31, 


T. 4 S., В. 99 W. 


Covered, mostly barren shale, with some 
орва xcs ЕЕ СЕ 


Shale, thin bedded, black, rich........ 
NHS балы ecce ates б ейге г 
Shale, thin  bedded, light colored, 


slightly leaner than sample 281........ 
Shale, thin bedded (sample 281; 9 gal- 
ТЕ, 2 ei oom СЕРНЕ УЬ О а 
Shale, lean 
Shale, thin bedded (sample 280; 12 gal- 
ШӨ ИКА ааа ЧЕТ 


Shale, thin bedded, rich; weathers blue. 
Shale, thin bedded, lean or barren, with 
thin beds of rich shale................ 
Shale, thin bedded, rich........... 
STO MU eui PR Soak cal ЫЕ 
Shale, thin bedded, lean................ 
Shale, thin bedded, rich............... 
Has lean ЖМ. ле НИ ЖЕ 
Shale, thin Бейдей, with several thin 
beds of sandstone (sample 279; 13 gal- 
ҢЫ > -2552-24525245445%555-52--22:522 
Sandstone... 
Shale, lean. ............- MIT E га чы, 
ВОО а Mesas. 
DUNS ong. oT ET e e a 5 
Shale, thin bedded, rich........... 
Shale, medium tolean.................. 
Sere none a 
aiena ЫН e opis НА, 
Shale, thin bedded, 
ОИ PET 
Shale, thin bedded, 
о Е wate 
Shale, thin bedded, 


(sample 278; 
30 gallons). 


Shale, lean (not sam-|(sample 277; 
23 gallons). 


E r та 
Shale, thin bedded, 
black. . 2% 
Shale, lean. -- - 
Shale, thin bedded, 
Шаб A T A 
Sandstone (not sam- 
pled).... 
Shale, thin bedded, (sample 276; 
black pa E 20 gallons). 
Sandstone (not sam- 
Dled)------.okeSewe- 
Shale, thin bedded, 
| OV Ee Yeh saepe tees ders 
CO eset blaster IEEE IEEE 
Shale, thin bedded, black, rich... 
они 
Shale, lean... 
Shale, thin bedded, 


Shale, thin bedded, (sample 275; 
22 gallons). 
Shale, massive; 
weathers blue...... 
Shale, lean, with thin rich streaks....... 


400 


һы 


ка 


10 


10 


оо 


ЕУ 


о о c 
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Location W, at head of Brush Creek, вес. 31, 


T. 4 S., В. 99 W.—Continued. 


Sandstone... ovis НЕ хаты ee ae 
Shale, massive, rich, weathers blue. 
Covered, mostly lean shale.............. 
Sandstoneerdyee 590522527222. 
Shale, thin bedded, dark. - 
Sandstone, yellow, lentic- 

ular (not sampled). .... 
Shale, thin bedded, dark. 
Sandstone, yellow (not 

Samipledice.--a--ceuse-= 
Shale, thin bedded, dark. . 
Shale, thin bedded,lean................ 


Shale, thin bedded,). 
(sample 273; 


(sample 274; 
6 gallons). 


Shale, massive, black| 23 gallons). 
Shale, Jean лок suse soem uae 
Shale, thin bedded, black, medium rich . 
Shale, thin bedded, 1еап................ 


Shale, thin bedded, black, rich. . 
Shale, thin bedded, medium rich. E 
Covered, probably lean shale........... 
Shale, thin bedded, 
loeo terere Tee 
Shale, lean (not sam- 


(sample 272; 


Shale, thin bedded,| 20 820009). 


ЭБҮ а СЕВЕ a A 
Shale, massive, black 
БЛОА =н кан-жин» ead 
Shale; weathers blue (sample 271; 
р ЙЧ осу Е е}. E s 
Talus, probably mostly lean or barren 
ӨӨӨ, 42565 5.1524. еее 


а RB 


Total shale yielding more than 30 gal- 
ЗОО О ОЗ eere EE 


Location X, near head of Carr Creek, sec. 9, 


T. 5 S., R. 100 W. 


Shale, thin bedded, mostly lean........ 
Shale, thin bedded; averages about like 

ВА ОРТА ТТ нь 
Shale, thin bedded (sample 237; 12 gal- 

Moyse а АЕ Ын ЛА о 
Shale, thin bedded, lean, yellow 
Shale, thin bedded (sample 280; 9 gal- 


Shale, massive, medium rich; 
weathers blue.....::-2---..-..... 
Shale, massive, sandy, yellow .......... 


Shale, thin bedded, medium rich.. ; 


Shale, thin bedded, lean............... 
Shale, thin bedded, medium rich.. 
Shale, thin bedded, lean........ 
Sandstone, brown ........ 
Shale, thin bedded, lean................ 
Sandstone; yole 20 006277 eee! 
Shale, thin bedded, lean and barren. . 
Shale, thin bedded, medium rich.. 
Shale, yellow, barren.........-....... an 
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Location X, near heed of Carr Creek, вес. 9, 
Т. 5 S. R. 109 W.—Continued. 


Ti. im. 
Shale, thin bedded, medium rich...... 1100) 
Shale, thin bedded, lean and barren. ... 19 
Shale, thin bedded, lean tomedium; 
weathers blue in streaks (sample 
085-09 PIONS e aen aa 10 
Sandstone, reddish brown а 7 
Shale, thin bedded, partly yellow, Than 6 
Shale, thin bedded; weathers blue 
(sample 284; 44 gallons). ер Бә 6 2 


Shale, thin bedded, Баттеп............. 12226 
Shale, thin bedded; 


с Pea bluein part (sample 283; 427250 
Sandstone (not sam- 27 gallons). 
lod) с 1 
Shale, thin bedded.. 
Shale, mostly thin bedded, lean........ T 
Shale, massive; weathers blue (sam- 
ple 282; 26 раПопв)............... Seiad 
Shale, massive; weathers yellow; 5 4 
not as rich as sample 282.......... 5 4 
Shale, massive, yellow, раттеп,......... 7 
Shale, massive, medium rich.......... $ 2 
Shale, yellow, barren................... 1 6 
Shale, massive, medium rich; weathers 
partly blue, partly yellow............ 1 8 
Shale, massive, barren; weathers yellow. а 6 
Sandstone, уеПоУ/..........-.--...-..... 1 3 
Shale, massive, rich; weathers blue..... 1 
асл aan КҮЛЕ, 208 7 
Total shale yielding more than 15 gal- 
TONS UO ео ее үчн 45 1 
Total shale yielding more than 30 gal- 
Tons tohe ton 22-2. 6002 


Location Y, near head of Little Salt Wash, about 
вес. 21, T. 6 S., Н. 190 W. 


Ft. in. 
Covered to top о/тідре................. 80+ 
Shale, covered, but with some very rich 3 
Cir etm cte ER PIED 8 
Shale, lean. . 12 
Shale, massive, rich ................... 8 


Shale, lean- ЗЕТА 
Shale, thin beddod 
Shale, massive.. -- 
Shale, thin bedded 

Shale, thin bedded, lean 

Shale, massive, rich 

ООО са. За) 

Shale, massive, rich, much twisted.... 

Shale, thin bedded, medium тісһ....... 


(sample 291; 
17 gallons). 


E 


№ 
©з Co to "d н Єз кы о 
> 


Shale, poorly ехровей.................. 2 

Shale, massive, better than sample 

DBR sae aed ЕТ Т N Arians © 7 

Shale, lean to medium rich 7 
Shale, massive, гов............... м l 6 
Shale, lean to medium rich 40 

Shale, like sample 288 4 8 
Shale, thin bedded, lean 8 
Shale, thin bedded (sample 290; 13 gal- 

Поза) DI ТТЫ ы 4 
Shale, thin bedded, lean... 2 16 
Shale, thin bedded, medium rieh...... 1 
ен ооо с осени . 130 


OIL SHALE ОЕ THE ROCKY MOUNTAIN REGION. 


Location Y, near head of Little Salt Wash, about 
sec. 21, T. 6 S., R. 100 W.— Continued. 


Pi- HE 
Shale, thin bedded, lean............... 8 
Shale, thin bedded, rich... Р 10 
Shale, thin bedded, lean............... 18 
Shale, thin bedded, medium rich....... 1 
Shale, thin bedded, lean to medium rich. 10 
Shale, thin bedded (sample 289; 32 
gallons) mace. Иль Эра Е 5 
Shale, thin bedded (sample 258; 18 
ЕО e e e e ч нн р КЕ 5 
Shale, hard, massive, lean.. 6 
URES LS а-ы CU svelte ris ee tee sme 100+ 
КОШ ООДО Жын ИЕ 510-- 
Total shale yielding more than 15 gallons 
tothe tonite. ре sae А дЕ УЕ И 34 1 
Total shale yielding more than 30 gallons 
Ве GOD на asin Б 5 


Location 2, along the trail at Ollis ranch, about 
вес. 16, Т. 6 S., R. 99 W. 


Ft. in 
Covered to top of ridge; mostly lean 
ПАТ uiis. iom cet E 200+ 
Shale, massive, medium гісі. 18 
Shale, massive, гісі................... f 6 
Sale; massive, loans е.а 3 
Shale, massive, rich. . . 2 
Shale, massive, medium rich........... 10 
Shale, massive. ............ (sample 2 | 
Shale, lean (not sampled)...} 301; 18 4 
Shale, massive.....-....... gallons). 4 
Shale, medium поһ.-.--.....2.......2. 7 
Shale, thin bedded (sample 300; 17 
РАО) е БАЕДЫ E E 5 3 
Shale, thin bedded, medium to lean.... 9 
Shale, thin bedded. ss Jete: (sample 
з. (not sam- 299; 11 1 
Shale, thin bedded......... ЗА S 
Shale, lean, with several rich beds...... 71 
Shale, hard, medium rich. . 2 it 6 
Shale, lean... ........-1.. > 23 
Shale, thin bedded, rich............... 1 5 
Shale, lean to Вәлтөл................... п 6 
Shale, thin Ъейаей.+.. 2 
Shale, lean to barren 
(not sampled)........ 2 
Sandstone (not sam-} (sample 
ПІ). эчү, 2005424 2 
Shale, thin bedded. . .. | gallons). 5 
Sandstone, yellow (not 
sampled)... ees 6 
Shale, thin bedded.... 3 
Shale, medium to lean; weathers 
yellow (sample 297; 17 gallons)... ПАЛ 
Sandstone, yellow, with fossil insects. .. 10 
Shale, yellow, barren to lean........... 9 6 
Shale, thin bedded.. .. Т 
Shale, yellow, barren | (sample 
(not sampled)........ 296; 34 8 
Shale, thin bedded, | gallons). 
medium rich, 7 
ПАО А eser mE Тм ШТІ»: T 
Shale, massive and thin bedded; 
weathers blue in streaks (sample 
295; 24 gallong)..... "DU rh 6 


COLORADO. 61 


Location Z, along the trail at Ollis ranch, about 
sec. 16, T. 6 S., R. 99 W.—Continued. 


Ft. in. 
Shale, lean to barren................-.- 05-2 
Shale, thin bedded, with massive 
bluelayers (sample 294; 21 gallong) 7а 5 
Овес АОБ 421-- 
Total shale yielding more than 15 
to the ton 97 п 
Total shale yielding more than 30 gallons 
Coto ОТ, e vec seb e NAI 4 7 


Location AA, along Newton's trail, about sec. 3, 
T. 6 S., В. 98 W. 
Ft. in. 
Shale, mostly barren, yellow, to top of 


Е ыды S Mcgee Е (Leu o 150 
Shale, hard (estimated yield, 20 

gallons)..... 2 

5 


Shale, barren.... 


Shale, hard.... 2 
Shale, barren 3 
Shale, hard; weathers blue (esti- 
mated yield, 25 gallons).......... 3 
Shale, thin bedded, 1еап................ 3 
Shale, hard, massive (estimated 
yield, 20 gallons)........-.- 25 
Shale, thin bedded (sample 309; 18 
аң ашы нара tn mara aaa 15 ӨРСН 
Shale, mostly thin, barren. 27 


Shale, hard, rich; weathers blue (esti- 
mated yield, 30 gallons). ............- 1 3 
Shale, thin bedded, barren 
Shale, rich; weathers. blue (estimated 
yield, 30 gallons). ............-.- eere 1 
Shete, Neate... vec. ҮТИ 0 298. setae att 6 6 
2 1 
3 


Shale, hard, medium rich 
Shale, hard, ТӨ8і.......,.-2:24---2224ж» 
Shale, hard; weathers blue (sam- 
ple 308; 37 gallons). .............. D 9 
Shale, massive (estimated yield, 15 
gallons). . 
Shale, thin БИТ, barren оде 4 
Shale, medium (estimated yield, 20 
gallons). „м--н не seed 5 6 
Shale, rich; weathers blue (esti- 
mated yield, 30 gallons)......-... 9 
Shale, sandy, barren 
Shale, тісһ....--...--.....-. 5 
Shale, barren. " 
Shale, hard; rich (estimated yield, 
30 раПовв)----.-------422...22..) 2 6 
Shale, hard, medium rich- (esti- 
mated yield, 15 to 20 gallons). .... 11 


о о о о 


Shaie, hard, rich; weathers blue... 10 
Shale, thin bedded, and massive, me- 
dium rich to Jean................-.--- 28 
Shale, hard, rich (estimated yield, 
25 БАО) ае ече 2 
Shale, thin bedded, barren 3 
А ample 
Shale, hard, massive...) (8200 1 10 
Shale, ЕЛ 307; 18 
Shale, hard. ........... gallons). 1 
Sandstone, irregular......... ee eee eese = 2 


Location AA, along Newton’s trail, about sec. 3, 
T. 6 S., В. 98 W.—Continued. 


Ft. in, 
Shale, lean to Ваттеп................... 10 
Shale, hard (estimated yield, 15 
Ва ре амер ce aM eene ce eat 2 
Shale, lean to barren 8 
Shale, hard to medium (ыле 
WAG Wifee Mutated ИСА А Жс, 2 
SUD UGS ACES ЕЕЕ Ос eT C E TO Жа УА 4 
Shale, hard (estimated yield, 15 gal- 
longe аны лы алары NEIN. anc mae. da 6 
Shale, thin bedded, lean (estimated 
SV LOL GL, OPARO а eT EE 4 6 


Shale, hard (estimated yield, 20 gallons) 1 6 
Shale, hard, lean to medium rich (esti- 


mated yield, 10 gallons). ............. 5 
Shale, thin  bedded, 
medium rich ......... ample 4 
Shale, thin bedded, 306; 21 
Pint: auo 1 DENT gallons). | ; 10 
Shale, thin bedded, lean.......-......- 12 
Shale, thin bedded, rich (estimated 
3 yield, 25 gallons) 5 2x 6 
Shale, lean to medium rich. . 4 
Ба ЮВ cuca 252222002 ot 2 
Shale, thin bedded, lean. x 6 
Папа. т. 2 6 
Shale, hard; weathers чө (езїї- 
mated yield, 25 раПопя).......... 10 
Shale, hard, medium rich (esti- 
mated yield, 20 gallons).......... 2 
Shale, hard; weathers blue (esti- 
mated yield, 25 gallons).......... 1 8 
SATO loan. ть сене о EIUS 4 
Shale, rich; weathers blue (esti- 
mated yield, 25 gallons)... 1 6 
Shale, lean.. .... 2 
Sandstone.. 5 
Shale, lean 3 6 


Shale, thin bedded, rich (estimated 
yield; A0r2aHOnS) СЕ ОО 12258 


Shale, thin bedded, lean 8 
Shale, thin bedded, rich estimated 

а 2512811015)... НЕМА 1 
etd sf ets rupta у: А tnum 5 6 
Sandstone 1 
Shale, thin bedded, rich (estimated 

yield, 30 gallons) 
SSAA Ges) ИЕ ЕСЕ smile I БОЕ 1 2 

Shale; weathers blue (sample 305; 

АО red rs vectus аита Е 4 8 1 
RSL OO aes itia qa e “А ас eo G ШІ! 
Shale, hard, rich; weathers blue (esti- 

mated yield, 35 gallons) 4 1 5 

Shale, Теа ыы ЫЫ s 4» ан» 8 5 
Snhale, hard, thin bedded; weathers 

blue (estimated yield, 35 gallons). 4 6 
Shale, massive, medium rich (esti- 

mated yield, 20 gallons)........... 2 10 
Shale, lean; weathers yellow... 3 
Shale, dark, rich. ees 1 
Shale, lean 3 

Shale, massive, rich (estimated 


yield, 30 гаПопв)................. 5 6 
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Location AA, along Newton's trail, about sec. 3, 
T. 6 S., R. 98 W.—Continued. 


Ft. in. 
Shale, massive, medium. ............... 20 
Shale, thin bedded, rich, like 
Балар ЗО c d әс ae eet eee 2 6 
[in Mc se ea Rc 5 
Sandstone. os ciere камен ar 5 
Shale, massive, rich......... 10 
Sandstone.......... бі TS 
Shale, lean, mostly covered 33 
Shale, thin bedded, rich (sample 
804 38 AAOS): вл 2 8 
Shale, medium rich to rich.. 5 
Sandstone qu ы тұра ығын 2 
Shalo, hard, lean to medium rich. ...... 20 6 
Shale, hard (sample 303; 25 gallons) 4 2 
залее о ао REV cs EU 
Shale, hard (sample 302; 23 gallons) 5 2 
Talus to creek with some medium shale 
and thin TCH Weds 2a cane ewne ce aa 300-- 
ППА Зе, -55,22-2222.------- 549 6 
Total shale yielding more than 15 gal- 
ООО ОО, 13 Ц 
Total shale yielding more than 30 gal- 
lons:to the ton... 22 uocare caseccrew в 35 5 


Location BB, north of Dry Fork Creek, above the 
sawmill and shale camp, T. 7 S., R. 100 W. 


Ft. in. 
Shale, thin bedded, gray and dark 
(sample 315; 25 gallons)........... 8 
Shale В ТЫ. Sed. ҚАНАДЫ «qure Me s ua 8 
Shale, thin bedded, black (sample 

PY GP? Uto ya): а шке сыла - 5 
Shale, light to brown (sample 313; 

0958008) Ны eee videi) [o n 15 
Shale, light. 5 3 
Shale, blue-gray...|(sample 312; 1 
Shale, gray ........ 15 gallons).... 10 
Shale, dark brown. 1 

Sandstone with thin shale beds. ........ 1 6 
Shale, gray to dark (sample 311; 22 
О а а 2 6 
Sandstone, green, gray, апа тей. Я И 4 
Shale (sample 310; 14 gallons). .......... 1 5 
ИК: (со де ҖЕ ЗН а Е КА 48 7 
Total shale yielding more than 15 gal- 
Toms (ОВО COM, scm iow op pede elena 36 4 
Total shale yielding more than 30 gal- 
TONS ТО ео ы нш» ыы TOROS 5 


Location CC, north side of Dry Fork Creek, above 
Armstrong sawmill, west of De Beque, about 


вес. 27, T. 7 S., В. 100 У. 
DONI, 


Sbale to top of ridge (barometer 8,100). 
This series is about 40 per cent shale ' 
that will test probably more than 20 
gallons. Upper 75 feet contains several 
beds 3 feet or more thick of hard black 
shale that may yield 30 gallons to the 
480 
Shale (estimated yield, 20 to 30 
Pallois) 22 Е m MEI 3 
Shale (estimated yield, 15 to 20 gal- 
OWS) ere м” SUM le 12 
Shale, thin bedded, rich (sample 
188; 38 gallons)..... be ое M 5 


OIL SHALE OF THE ROCKY MOUNTAIN REGION. 


Location CC, north side of Dry Fork Creek, above 
Armstrong sawmill, west of De Beque, about 
вес. 27, T. 7 S., В. 100 W.—Continued. 


Ft. in. 
Shale, moderate. .. . ie 2 
Shale, rich......... (sample 189; | 5 
Shale, lean. ........ 22 gallons). 10 
Shale, rich, papery) | qur 
Shale, lean (estimated yield, 10 gallons). 9 
Shale, rich (estimated yield, 40 gallons) 5 
Shale, lean (estimated yield, 10 to 15 gal- 
EFE №8 
Shale (estimated yield, 40 gallons). 10 
Shale dons. гъа зе dates и 
Shale (sample 187; 21 gallons)..... 3.8 
Shale (estimated yield 10 to 15 gallons). 3 
Shale, thin bedded (estimated yield, 40 
[Jibi ove C EE 5 
Shale (estimated yield, 10 gallons). . Sy y 
Sandstone оу 222222222. 4 
12-2 
ША 2 
Ti 
Shale (estimated yield, 10 gallons)...... АО 
Sandstone, slightly asphaltic............ 
Shale, hard (estimated yield, 20 
Б АЦ ыы де - orc ae TG Dl ER 3 
Total section! seemed det ЕЕ 528 8 
Total shale yielding more than 15 gal- 
lopato tha tons meins. taco besa М2 34 6+ 
Total shale yielding more than 30 gal- 
lons to the ton 2л аваа 9 4+ 


Location DD, south side of Dry Fork ridge, east of 
Oil Shale Mining Co.'s camp, 


Ft. in 
Shale, mostly barren to top of hill... ... 75 
Shale, solid, black (sample 320; 18 
gallona] сыр edente. a.i seems cd 9% 4 
Shale, thin bedded, mostly 1еап.... 115 
SHAR OATS о HIE: ре ор 5 
Shale, thin bedded (sample 319; 15 
gallons). St ЕСЕР Е АЕНА А77, SUV 
Shale, brown, barren 5 
Shale, medium rich... ................. 154 
Са ооо Же А 3 4 
Shale (sample 318; 12 gallons). .......... 2 
Shale, thin bedded, mostly barren. ..... 110 
Shale, thin bedded, rich (sample 
217; 38 gallons) ЕИ 5 10 
Shale, lean and barren.................. 8-1 
Shale, medium rich............... - 27-8 
О в ии аме Др; 2 
Shale, medium rich.................... 1 
0 
5 


ТӨЛЕ 7 ео ТЕРЕ ace lerem cerei 420 6 
Total shale yielding more than 15 gal- 
олен ал ТТ” 16 9 
Total shale yielding more than 30 gal- 
lons to the ton.. ..............-.... Eea 5 10 


COLORADO, 


Location EE, 


at forks “of Parackuie Creek, 


about 10 miles north of Grand Valley, about 


вес. 36, T. 5 S., R. 96 W. 


Ft. 
Interval to top (estimated). ... 1504 
Shale (estimated average 
СОШО) РЕСЕ SI 125 
Shale (estimated average yield, 30 
eailons)lcc2:l. Rc Ed И 75 
Shale, rich, hard (sample 193, 5 feet 
near middle of bed; 42 gallons)... 25 
Shale (average nearly as good as 
sample 192; probably 30 gallons)... 30 
Covered and lean shale. ...............- 86 


Shale (estimated yield, 30 gallons). 45 
Shale (as good or better than sample 
IBI Rees Ses eee eee 4 
Shale, sandy, lean.... 6 
Shale (estimated yield, 25 ар 4 
Snale (nearly as good as sample 192) 5 
Shale, medium 
Shale, hard, blue (like sample 192). 8 
Shale, medium 9 
Shale, hard, blue (like sample 192): 2 
E515. mediumi isson Soleo des sees 9 
Shale, hard, blue (sample 192; 36 
РАТЕ) ыны ық Ию 2 
Interval, probably 40 per cent shale in 
beds 3feet or more thick which will test 


15 


25 gallons or more to the ton... 175 
Shale (like sample 191)... 2 
Shale, medium rieh.... 5 
Shale (like sample 191). 3 
Shale, medium rich............... 1 
Shale (like sample 191)............ 2 

Shale, lean 1 6 
Shale, hard, blue (sample 191; ЕТ 

ERITODS Ep ee eR АШИГАА e Md 5 

Shale, sandy, уеПоу/................... 5 


Shale (estimated yield, 25 gallons). 18 
Shale, slightly less rich than 190... 12 


Shale, hard (sample 190; 18 gallons). 6 
т оо ades nd dup ERA du eid 
Shale, lean. 

Total soction зе TEIL IS 847 
Total shale yielding more than 15 gallons 

ТОЯ О... аве ао. gain zn 386 
Totalshale yielding more than 30 gallons 

Оо) о, 72 


Location FF, along Mount Logan trail, sec, 
T. 7 S., R. 97 W. 
[Measured by E. G. Woodruff.] 
Soil on plateau overlying very sandy Tt. 
brown shale. 
Shale, bituminous, *curly" ............ 11 


Shale, very light brown.......--------- 130 
Shale, bituminous, *curly?.. ..... 2 
Shale, moderately bituminous; bi- 
tumenevenly distributed through- 
out the ledge (estimated yield, 20 
Eallons)-.. <...> 8l 


Shale, bituminous 
Shale, brown, slightly carbonaceous.... 79 
Shale, bituminous. ...............- 
Shale, brown, slightly bituminous. 
Shale, bituminous. ... .....-.------ 


26, 


68 


Location. FF, along Mount Logan trail, sec. 26, 


T. 7 S., К. 97 W. 


Shale, тойуу ади. we. ЕРЕ а 
Shale, bituminous 
Shale, brown, slightly bituminous.. 
Shale; bituminous-..---.--.2e- снна жаа 
Senes proma slightly bituminous. ..... 


ЕЕ brown...... 
Sandstone, brown.............- 
Shale, brown, slightly bitumino 
Shale; bitüminousd. БАр. serena 
Shale, brown, slightly bituminous...... 
Dees bi tuminous қты Е s set 


Shale. pirumitious 
Shale, brown, slightly bituminous...... 
Shale, bituminous (estimated yield, 

20 gallons) 
Shale, brown, slightly bituminous 
AROS LOM, ооо) ее аа 5 
Shale, brown, slightly bituminous...... 
Shale, bituminous (estimated yield, 30 
еза су еа а др кте ML RE EE 
Shale, brown, slightly ТИБЫ Berti 
Shale, brown, bituminous.............. 
ЕРДЕ оуан GEL TS C T RS 
Shale, bituminous (estimated yield, 

PRE EM ORES he ыша кы карылар Айаан и 
Shale, brown, slightly carbonaceous.... 
Shale, bituminous (estimated yield, 30 
К erate meee Certs cine оаа 
Shale, brown, slightly bituminous...... 
Shale, bituminous................- ee. 
Shale, brown, slightly bituminous...... 
Shale, bituminous (estimated yield, 
ЗОО хәз ceres REN Ax eU еі олы 
Shale, gray, thin bedded. 
Sandstone, gray....... 
Shale, gray, fine grained, thin, even 
bedded; this member seems to be uni- 
FOr TOL Е ене аач 
Shale, brown, fissile; weathers in flakes 
as thin as 4; inch 
Shale, drab, fine grained, fissile......... 
Bandsatane, TAD- aarne ereer anA 
Shale, drab, thin bedded; contains thin 
layers of shaly sandstone... 
Sandstone, UII. сое à 
Shale, drab, thin bedded. 
Sandstone, tan, SHghily И іп 
DUE CEO e suce es ole ҚАН aie от, 
Shale, drab, thin bedded 
Sandstone, shaly in lower half 
Shale, thin bedded; this member İs uni- 
form throughout except that at inter- 
vals of 10 to 20 feet there are beds of 
shaly sandstone as much as 6 inches 
CHICKS. da 5л» 5 dy eu eue esse sara exa eum 
Sandstone, coarse, oolitic....... 
Sandstone, fine grained, oolitic. 
Shale, drab, fissile.............- . 
Sandstone, gray...... b 
Shale, gray in upper part, ТІСТІ іп 
lower, fine grained, fissile............. 


— Continued. 


147 


C: ос к Qo 


64 


Location FF, along Mount Logan trail, sec. 
T. 7 S., В. 97 W.—Continued. 


Ft. 
Shale and sandstone; this member is 
composed of layers of tan sandy shale 
and shaly sandstone 6 inches to 2 feet 
isst cR MER ce 92 
Sandstone, thick bedded, coarse grained 15 
Shale, tan, very sandy, with many layers 
of shaly sandstone which are as much 


S| GANGES deu veces EVIL I m 98 
Sandstone, tan, thick bedded........... 5 
Shale, tan, sandy; contains layers of 

Брату ЗАВ овен аз cuoio doa ec 68 
Shale, red (top of Wasatch formation). 

тоа зве ной. тр. ент UE 1,806 
Total shale yielding more than 15 gallons 
POMS баня eer Еее eue 91 


26, 


in. 


10 


Location GG, east side of Mount Callahan, along 


trail, sec. 15, T. 7 8., R. 96 W. 


Ft. 
Shale, hard, black, curly 
ае EEN ORE озал ааа аа ЫЫ Гыз 10 
Shale, hard, black, curly (sample 

980% Wege Horny жылк сут AERA coal 1 

SATO AMG CMU Пао tc mis est oes 2 
Shale, hard, black, curly (sample 

ВОО ecce ate ge a ane А 2 

Shale, lean to barren....... ара Soie 7 
Shale, hard (estimated, yield, 15 

ЖАШООН на ger Gn come ptt 3 
Shale, lean to barren..... 17 
Shale, hard (estimated yield, 40 gallons) 1 
Shale, lean to barren, mostly concealed. 154 
Shale, mostly lean; some yielding 15 gal- 

ПО В 53 
Shale (estimated yield, 26 gallons)..... 1 
ӘӘ аталыр лес semet peto esa АРЫ БАЗ 4 

Shale (estimated yleld, 26 gallons). 2 
Shale, lean 5 

Shale (estimated yleld, 26 gallons). 2 
Shale, mostly leat ЕЕЕ 9 

Shale, rich at bottom (sample 330; 

Бе ШОШ) Шз вое. Аи 2 
Shale, thin bedded, mostly lean. b 
Shale, thin bedded, rich............... 
Shale, thin bedded, mostly lean........ 33 
Shale, thin bedded (sample 329; 11 gal- 

из ТЕЗІ oie уеге Ера 3 
Sandstone, eonéretionary..............- 2 
Shale, thin bedded, lean-.............. b 
Shale, hard (estimated yleld, 20 gallons) 
Shale, thin bedded, lean............... 16 
Shale, hard (estimated yield, 25 gallons) 1 
Shale, thin bedded, lean................ 
Shale, thin bedded (estimated yield, 30 

алм те етене уч oie tb eripi 1 


Shale, lean 
Shate, thin bedded (estimated yield, 30 
PENA енен ОРВИ LENO Lest il 
Shale, thin bedded, lean 
Shale, hard, rich......... 
Shale, thin bedded, lean 
Shale, thin bedded (sample 328; 24 
ПОЗ оо е eene 5 
Shale, thin bedded, lean.......-...... 5 


11 


e 


10 


OIL SHALE OF THE ROCKY MOUNTAIN REGION. 


Location GG, east side of Mount Callahan, along 
trail, sec. 15, T. 7 S., R. 96 W.—Continued. 


Shaler leanz 22 Е 
Shale, like sample 327. .......:.... 


Shale, thin bedded...... | sample 

Sandstone (not sampled). ) 327; 42 

Shale, thin bedded...... E 
Shale, thin bedded, lean................ 
Shale, thin bedded, rich..... 


Shale; Тезге рыла т S 5% 
Shale, thin bedded, rich . | (sample 
Shale, lean (not sampled). ) 326; 37 | 
Shale, thin bedded, rich 1 gallons). 

Hale Са as exe rx EE Vt ra SEE Laad 

Shale, hard (estimated yield, 40 gallons) 

Shale, mostly 1Ісап...................... 
Shale, thin bedded (sample 325; 32 

gallons)... ла на а УЫ 

Shale, mostly 1Іөап...................... 

Бапа вбесен Әй 

Вале leantines coo Sue o uos А 

Shale (estimated yield, 30 gallons). . ... 

Shale, thin bedded, lean................ 

Shale, thin bedded (estimated yield, 30 

РАНО ча Sees SE Me, Ын 

Shale, mostly lean. 

Sandstone, irregular.................... 
Shale, .thin.. bedded (estimated 

yield, 15 gallons; richest at top). . 

Shale, sandy, lean...........:.eccceeuu. 

Sandstone, coarse, irregular............ 

Shale, вапду,1вап...................... 

Sandstone, fine grained, irregular....... 

Shale, mostly lean and covered......... 

Shale, thin bedded, like sample 324... 

Shale, thin bedded, lean. ............... 
Shale, thin bedded, rich . 
Sandstone (not sampled). 

Shale, lean (not sampled)|(sample 

Sandstone (not sampled). ) 324; 29 

Shale,lean (notsampled. |gallons). 

Sandstone (not sampled. 

Shale, thinbedded, тісі. 
Shale,thin bedded, mostlylean........ 
Shale, thin bedded, rich 
Shale, thin bedded, loan 


Shale, thin bedded..... (sample 
Shale,lean (not sampled), 323; 25 
Shale, thin bedded...... gallons). 


Shale, white, mostly covered 
Total section 


'U'otalshale yielding morethan 30 gallons 
Loto TORS жазада eerie cs ҚЫРУ 


Ер in. 
6 
8 
2 6 
1 
1 
9 2 
2 6 
1 8 
3 
8.6 
10 
1 6 
2 8 
1 
ges 8 
TUNE 
11 
3 
17% 
fi 
2 3 
TYH 
4 
10 
2 8 
21 
7 
8 
6 
17 
18 
2 3 
8 
8 
dae 9 
1 
6 
1 
2-79 
15 
6 
2 4 
L8 
7 
ig ey 
539 4 
68 4 
a 3 


Location HH, along new Cottonwood Gulch trail, 


вес. 16, T. 6 S., R. 95 W. 


Mostly covered to юр. ................. 
Shale, black, twisted (semple 350; 

Wa BI аШОД В) е в pro 
HALO; ce vcr C ж ае 
Shale, black, twisted (samples 349; 

AU gallons S esed, veces UNE E 


Ft. in. 
200-- 


5 


5 


1 


COLORADO, 


Location HH, along new Cottonwood Gulch trail, 
вес. 16, T. 6 S., R. 95 W. -Continued. 
Ft. in 
Rd ere oc nisi 10 
Shale, black, twisted (sample 348; 
ШОЕ) аан iE et ee 2 
Mostly covered.. 4 150 
Shale, hard, derk Ы Sila 
37 gallons). . Milgi 
Shale, hard (estimated yield, 16 


Ша ET T CETTE TO 10. 4 
Shale, hard (sample 347; ОЕ) 6 1 
Shale, hard (estimated yield, 16 

PUITS). ite isa. обеде fate 36 
Shale (estimated yield, 35 gallons). 1 6 


За To Eds КӨ СЫ Jiet 
Shale, thin bedded (sample 346; 12 gal- 
lone ea. 3 4 
Shale,lean Ф. 8 6 
Shale, hard (estimated yield, 37 
EROSIN LE EE ы ded ELA i 6 
Shale, thin bedded (estimated yield, 10 
ШОШО RES. Lire КИЕ. 8 
Shale, hard (estimated yield, 37 gallons) 1 4 
Shale,lean nO 
Shale (2: 2 
Shale, lean 87/6 
Shale, hard (sample 3 gallons). ae g 
Shale (estimated yield, 10 gallons)...... 12 
Shale, hard, dark (sample 344; : 
gallons)... 2 С 
Shale,hard (estimated yield, 13 gallons) . 286 
Shale, hard (sample 343; 13 gallons) ... 6 4 
Shale, hard (estimated yield, 12 gallons). ii 
Shale, hard (sample 342; 12 gallons). ... ТТ 


Shale, hard (estimated yield, 12 gallons). 12 
Shale, hard (sample 341; 21'gallons). 6 6 
Shale, lean 
Shale, hard (sample 340; 
Bae, До „т ARRETE Sams 


PURIS a Ee с 10 
Shale, hard (sample 338 6 3 
Sha e; lean. .....» 1 
Shale, hard (sample 337. 3 
Shale, lean... 10 
Shale, hard (sample 336; 28 gallons). 6 8 
Shale, hard. ...........- (sample | Ө. m 
Sandstone (not sampled). 835; 26); 1 
Shale hard. merenna res gallons). 5 6 
ЫЕ АЯҚ E O . 10% 
Sandstone. .........-- vs 8 
Shale, hard, medium rich GM 8 
Shale, hard (sample 334 {0 gallons). 907 2 


Shale, lean 
Shale, hard В 333; 


ОСНО ея 654 7 
Totalshale yielding more than 15 gallons 

TORE UOTIS e c casui tese hems ag Барын id 9 
Totalshale yielding more than 30 gallons 

UG TERIS RES ASIN РЕ АУ tuc av ai 


93613°—28— Bull, 729——5 
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Location II, at head of Porcupine Crevk, sec. 26, 
T. 7 S., R. 94 W. 


[Beds badly weathered.] 


Ft in. 
Shale, alternating rich and lean layers, 
mostly thin bedded; exposed, but not 
@ХаШШӨЧ re Е я 2004- 
Shale, thin bedded (sample 356; 13 gal- 
SR И iom eu dut 8 8 
AG 6 
2 thin bedded (sample 355; 16 
вене 4 
Shale lean лы; 2 2 
Shale, thin bedded (sample € Е 

allons quA EIS 5 

Shale, thin bedded, lean................ 5 
Shale, thin bedded, rich (Sample 

353, lower 2 feet; rest not accessible; 

BU gallons оленя мааа m SS 
Shale, thin bedded, mostly lean......... 753 
Sandstone, very coarse, cross-bedded. . 6 
Shale, barren....:. 3 
Sandstone, coarse.. 1 
Shale, leans ict Іс Se iy 
Shale, thin bedded, lean (sample 352; 14 

ПВ Een ea edes ee e outs tre 2 10 
Shale, thin bedded. .......... (sample 2 18 
УТ о ыт ыгы ы е» | 351; 6 | 1 9 
Shale, thin bedded........... gallons). 1 1 
Sandstone, соате. 10 
Shale and sandstone, mostly lean white 

shale with thin beds of sandstone.... 200+ 

OCH ЗОО cu reco edem vate eter 5364 
Total shale yielding more than 15 gallons 

(келіде келе u.c. ЕЛЕНЕ SEIEN DENS 10598 
'T'otal shale yielding more than 30 gallons 

tote tons oss ао iet ud T 8 


Location JJ, east side of Wallace Creek, sec. 10, 
T. 8 S. В. 95 W. 


Ft. in, 
Covered to top of hill. 
Shale, (sample 361, 27 gallons). ... 4 
Shale Өңд ака Аа oe ECT TRUE 6 
Shale, hard, black (sample 360; 37 
ВАНО акен Аз а аа Жай» аа T 4 
Shale, (estimated yield, 25 gallons). 2 
Shale; еа. cce 42-2. ма бы 15 
Shale, hard,. black. (estimated yield, 37 
gallons) . ss “ 1 
Shale, lean.. 6 
Shale, (sample 359; 24 gallons). 5 5 
PHAS covered malim ema a ra o T 10 
ае, Шой... (sample 358; у 10 
Shale лаве: ) 33 gallons)\ il 
Shale, mostly eovered,loan............. 23 
Shale, hard (estimated yield, 30 gallons) 127% 
Эно, ured eee eL Td. егіле 24 6 
Shale,. hard (estimated yield, 25 
САШ ОЛО Caes rd c ыы ae 2 6 
Shale, medium rich, burned....... 16 6 
Shale, hard (estimated yield, 25 
POROUS) | кек ни а ирин CE IGI 2 
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Location JJ, east side of Wallace Creek, sec. 10, 
T.8 S., В. 95 W.—Continued. 


Ft. in. 
Shale (probable yield, less than 10 gal- 
Поа m IDE Зы 13 
Shale, hard (estimated yield, 30 gallons) T 
Shale; may be burned but probably not 


very rich when fresh................. 15 
Shale, hard (estimated yield, 30 gal- 

Tons). НЫЛ Et с» № 3 
БЕТЕ ШОЕ ом ення 5 


Shale, thin bedded (probable yield, 30 


ао) Е еа Е 1 6 
Shale, lean. 24 
Shale, thin bedded (estimated yield, 7 

gallons) ЖЕСЕ CULA RS tp REIN ee rare 5 6 
Ester ios ut eo EIFE SERE асо 5 
Shale, thin bedded (estimated yield, 10 

ӨЙДӨЛӨЙ а ск екен санан 1 
Shale, thin bedded (estimated yield, 5 

gallons) 3 


Shale, thin bedded (estimated yield, 10 
ГӘ ovata а ip epo c pe e 7 


Shale, lean 6 38 
Shale, thin bedded (sample 357; 7 gal- 

lons) 3 1 
Shale, massive (estimated yield, 7 gal- 

MOTUS) а ыры om rs ui see СЕ 8 
Shale, thin bedded (estimated yield, 7 

gallons)... eue эел Е D 13 7 
Shala Сиера анинин iue MES n Ru жард» А 202: 

О HET TOI ете И SISTERE HUE EE 249-- 

Тоба shale yielding more than 15 gallons 

bo ble ТОЙ. аа ъс канака ане Ын ВА Е 38 2 
Totalshale yielding more than 30 gallons 

(SHUT IERI IE T OUO QST 


Location KK, east side of Durant Gulch, sec. 5, 
T. 9 S., В. 95 W. 


Ft. in. 
Covered to top of hill. 
Shale, hard, massive, twisted (sam- 

116.960; ASANO) аена. 3 

ОЛО ЕЗ рады ы йим джа» „йаш! 7 
Shale, hard, massive, twisted (sam- 

ple 365 А; 33 раПопв)............ А Minig 
Shale, lean to medium rich. ............ 5 
Shale, massive (sample 365; 36 gallons). ї 10 
Shale, massive, 1І62П.................... 8 
Shale, hard, massive (estimated yield, 

DPA CUM TNT O TIE 1 6 
Shale, massive. 16әл.................... 8 
Shale, hard, massive (sample 364; 

29 callOng). еее неона 4 8 
Covered, mostly 16ап................... 35 
Shale, massive, twisted (estimated 

yield, 30 gallons) № 6 
СО USER I To 71-71-11 КОЛЫ CIUS 30 
Shale, massive (estimated yield, 20 

РОН). Eae s РЕА xxl» АЕБ 2 
Covered 2-а RTT 40 
Shale, massive (estimated yield, 20 gal- 

1 


Covered, mostly 16ап.............----«. 50 


OIL SHALE OF THE ROCKY MOUNTAIN REGION, 


Location KK, east side of Durant Gulch, sec. 5, 


Т. 9 S., R. 95 W.—Continued. 
Bite ШЙ 
Shaleyumostly ТОА annua 25 
Shale, thin bedded (estimated 
yield, 21 gallons) 12 
Shale, thin bedded (sample 363; 21 
gallogsy cec S AN 6 10 
Shale, massive. 1өап.................... 2: ЗА 
Shale, thin bedded (estimated yield, 20 
асе ао 1 4 
Shale, lean 12 
Shale, lean 8 
Shale (estimated yield, 20 gallons). 1 
Shale (estimated yield, 30 gallons). 6 
БАЛЕТ тте БЕ ЗБЕ нши наам» нн адын». 5 
Shale, hard (estimated yield, 25 gallons) Ti 6 
уне enr EEUU OL EE 5 
Shale, hard (estimated yield, 30 gallons) 1 
Spala ар „Бр „Ае шыл oes 2 14 
Shale, hard (estimated yield, 35 gallons) 6 
Shala onte А dut ee Der 5 
Shale, hard (estimated yield, 35 gallons) 8 
Covered and lean shale; some thin, rich. 80 
Shale, thin bedded (estimated yield, 25 
БРАӘШЙОП8).,,2..4%.-%-..424.к42%к-42. шм» 1 
Gorom, JOBS сражения яв 5 
Shale, thin bedded (estimated 
yield, 30 gallons) oe дБ eee eurn 1 2 
Shale, thin bedded, (estimated 
ОО stein ЗАНДА нл 3 
Sales an); Sombras WE otia e ТЕ УЕ 10 
Shale, hard, rich....... 7 
Shale, -thin  bedded,| (sample 
MSc Teh eee. 33-4. 862; 47 6 
Shale (leaf), very rich.{ gallons). 1 
Shale, thin bedded, 
medium rieh......... Зе 
phaleyloan aar нь айнаны d Ја 0 
Shale, thin bedded (estimated yield, 30 
gallons) 9 
Shale, thin bedded, lean. 2 4 
Shale, thin bedded (estimated 


араб атомы e eene 2- #4 
Shale, mostly lean and largely covered. 


бай ВОО seinen serere 408 10 
Totalshale yielding more than 15 gallons 

to the ton 57 6 
Total shale yielding more than 30 gallons 

ЖОК ШАД ОШ е нев нке кт телда ДАЛЕЕ 14 5 


Location LL, about 1 mile above Park Creek 
ranger station, on east side of Park Creek, sec. 
29, T. 10 S., В. 93 W. 

Fi. in. 

To the top of tho hill, fairly well exposed 
and consisting almost entirely of very 
lean or barren shale; at least.......... 300 

Shale (sample 370; 14 раПопв).......... 8 8 

Shale, lean. 


Sandstone......- зе 2 
Shale, papery (sample 368; 28 gal- 

КОШЕ Маки» зынды тыл кене 1 8 
Shale, lean (sample 369; 6 ғаПопв).. 2 6 
Shale, papery (sample 368; 28 gal- 

GTS) EE rs РРР АА 1 2 
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Location LL, about 1 mile above Park Creek ran- 
ger station, on east side of Park Creek, sec. 29, 


Location MM, Plateau Shale Co.’s prospect pit on 
east side of Big Creek, sec. 31, T. 10 S., R. 


Т. 10 S., R. 93 W.—Continued. 94 W.—Continued. 
Ер п, НІ» а. 
кл акан М Ree eee er aep : тма түтү uas А trc зь, (sample qt 3752 
Shale, papery (sample 367; 13 gallons). . 4 4 | Shale, lean (not spia. 372; 24 | 4 
Sandstone, ooarse, lenticular. j ӘНДЕ, нд Же eve sodas gallons). 5 
Shale, barren. a | STEAM Ree АЙ але анача 2 10 
Шо{айгвайопь о... АЙ 317 9 | Sandstone - 1 
"Total shale yielding more than 15 gallons Shale (estimated. yield, 24 gallons)..... 9 
Ое ойсо. sone. ЕТЕТ. 2 5 | Sh ale lean (estimated yiexd, 10 gallons). . 3 3 
PAHAN Loy av ene eS Ee RIMIS а акай Жаса 7 
Location MM, Plateau Shale Co.'s prospect рії on | Shale (estimated yield, 24 gallons)..... 1 
east side of Big Creek, sec. 31, T. 10 8., R. | Shale, lean (estimated yield, 10 gallons). 1 
94 W, Shale, barren. ————— 
Ft. in Шота охе „съел акеде oe 28 
Soil, Total shale yielding more than 15 gallons 
Shale (sample 376; 13 gallons).......... 2 1 ORT Spt Oe sos Der а ЕНИН к= 8 
үшүрү: шү ЖЕ en ae ЫМ ЫЫ Ұл... D Total shale yielding more than 30 gallons 
Shale (sample 375; 18 gallons).......... 2 to the %оп............2.......... 1. 8 10 
Shale, ІваП.........--.--1-...-.-....... 6 Location NN, above ranger station on Coon 
Shale, (sample 373; 37 gallons)..... төгер Creek T 118 x 96 W 
Shale (sample 374; 15 gallons). ..... 9 еа 1 i 
Shale (sample 373, 37 gallons). ..... 9 | [Rocks very poorly exposed and no rich oil shale 
ES «bandi ерсе x es 4 showing.] 


Section of part of the middle member of the Green River formation exposed on Parachute 
Creek in вес. 29, Т. 5 8., В. 95 W., Colo. 
[By E. G. Woodrutt.] 


Shale, brown, carbonaceous, thin bedded. Ft. in. 
Shale, brown, bituminous; weathers cavernous (esti- 
mated yield, 20%шаЛора)2---БЕЕМз-%в ере» a mire mE 81 
Shale, brown, thin bedded, slightly bituminous................ 5 9 
А Бш ИЙТ. revues ero cele ur cae E ст теле аа QI 220 
Shale, fissile; contains some seams of bituminous shale........ 2 9 
ӘДЕТ РЫ» ace fon Ыз ЕЗ әд oda заһар etie evt 5 
Sato. bitum ДЕ cecus КЕБЕ а ЫҚ бер 1 
Shale, thin bedded, slightly bituminous...................... 9 
кеде оао в cose Ses DETIENE Palace acces et os E 3 
Shale, thin bedded, slightly bituminous...................... 9 
Shale, brown, fine grained, bituminous; estimated............. 10 
Shale, bromi thin bedded...-. eese me Mni pm рус terree 412000 
Shale, brown, bituminous (estimated yield, 20 gallons).... 4 10 
Shale, brown, thin bedded, fine grained....................... 2 6 
Shale, brown, slightly Білиаіпойв...................... ы AE 248 
Shale, fissile, fine grained, thin Бейдей....................... 6 6 
Shale, bituminous (sample, 20 gallons)...........-.-...-.. 5 10 
Shale, brown, thin bedded, slightly carbonaceous, moderately 
calcareous. ------- 
шо 


Section of part of the middle member of the Green River formation on north side of 
Kimball Creek, sec. 5, T. 5 N., R. 100 W., Colo. 
[By E. 6. Woodruff.] 
Soil and rock débris. Feet. 
Shale, bituminous (samples testing 31.6 and 26.2 gallons were 
taken from 6 feet of this bed from 12 to 18 feet below the top; 
the upper half of the bed is believed to be slightly richer 


ӨЛШЕ ое ао ЕНЕ Нео ве и ве 48 
Shale Locally vory САО - 35 
Shale, bituminous......... НИ tne T PET С] 


Shale, brown, carbonaceous, 
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A sample was taken from an old prospect entry on Conn Creek, 
Colo., in sec. 1, T. 7 S., К. 98 №. The prospect was opened on what 
appears to be a lens of bituminous shale, which measures 16 inches 
in its thickest part. А field test of this shale gave 61.2 gallons of 
oil to the ton; by a laboratory test the same shale gave 68 gallons, 
but it is too thin to be of much commercial value. 


RESULTS OF DISTILLATION TESTS. 


The following table contains the results of distillation tests of all 
the samples of oil shale collected by the writer or his assistants in 
northwestern Colorado during several seasons of field work. Each 
of the samples included material from every part of the bed which 
it represents. All samples were taken at the outcrop after chipping 
away the obviously weathered material, but nowhere was absolutely 
unweathered shale available for tests. At each locality where 
samples were taken a geologic section of the beds exposed was 
measured, and а sample was taken of each bed that appeared to 
be of value. Тһе completeness of sampling and the range in richness 
of materials sampled are illustrated by section HH (фр. 67-68). This 
section represents the beds exposed along a newly cut trail, which 
provides fairly complete exposure of all except the lower part of the 
main oil-shale zone. А total thickness of 654 feet 7 inches of beds was 
examined, and 18 samples were taken of beds ranging in thickness 
from 2 feet to 20 feet 2 inches. Тһе testing of these samples gave 
accurate information relative to the oil-yielding capacity and the 
nitrogen content of an aggregate thiekness of 103 feet 8 inches of 
shale, and because of the apparent similarity of other beds not 
sampled it gives almost as accurate information regarding a total 
thiekness of 216 feet and 2 inches. Тһе samples tested show an 
aggregate thickness of 88 feet 9 inches of shale yielding more than 
15 gallons to the ton and an aggregate thickness of 31 feet 1 inch 
of shale yielding 30 gallons or more to the ton. 

Many of the samples tested during the field work were selected in 
order that the field man might be better able to judge the value 
of the beds rather than because they were supposed to be rich. 
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Results of distillation of samples of oil shale collected in Colorado. 


Б; Cravity of oil 
Location. at 60° Е. у аи 
had Yield Yield of equiva- 
Sain Thick- | of oil Yield of vn lent of 
1 ness of er gas per К Nitrogen| nitrogen|/Sulphur 
ре shale | short 1 short ton PM inshale.| in am- |inshale. 
ЕРТ т R. |sampled.| ton of | Specific Baume. 9f shale. Б де; xüonidm| 
> i e en a shale, gravity. 1 SERES sulphate 
5 рег (оп 
shale. 
| 
Ft. in, |Gallons. n Cubic feet.| Pounds. | Per cent.| Pounds. | Per өсті, 
7 9 n Ts 2 4) 12.6 + Pr 
8 ӘЛІШ. 108 4 8 4.26 
9 91N.|103| 3 10 11.9 
10 9|1N.|1035| 3 10 | 11.3 
п 9 |11. | 103 ДІ, 8.22 
а12 9:1N.|138, 2 3 8.64 
13 26 |1N.|100| 5 38.6 
14 15 | 2N. 98 5 18.8 
15 Ба ДАУ, |. ВО el em ace 3.0 
16 15 | 2N. 98 i4 1.9 
17 15|2N.| 98 6 | 21.0 
418 16 | 2N. 98 8 4 22.88 
19 16 | 2N. 98| 3 4 6.27 
20 10|2N.| 98| 3 12.6 
21 10 | 2N. 98| 4 6 26.8 
22 15|2N.| 98| 8 511.4 . 9310 
23 15 | 2N. 98 2.02 7.61 .9321 
424 14 | 2N. Ds 6 6.25--| .9352 
225 1D2N 010801 4.18--| .9109 
26 19 | 2N. 97 B x 3.85 . 9050 
27 ЩИ. 97.4 18. 1 8.4 . 8946 
28 11/1N. 97| 4 14.0 . 9090 
29 ШЫ. 97| 4 12.5 .9082 
30 ПТМ. | 97 4 9.1 
31 TB TN. 97 | 17 15.5 
32 TE СЕРЕ ЕС 40.6 
33 11|1N. 97| 3 25.5 
34 TI Р 07| b 64 | 23.0 
35 Ш.М. |, 9 4-2: 14.7 
36 11|1N. 97 8 3131.0 
37 11|1N.| 97| 5. 84 |. 23.25 
38 14|118.| 97 | 5 П | 25.2 
39 36 | 1N. 96| 3 13.7 
40 36 -1N.| 90] 8 8 112,5 
41 36 | 1 N. 96 1 4 13.7 
42 20 |1N.| 97 .91 
43 218 8.1 95| 4 9 9.4 
44 2|88В8.| 95|13 6 6,2 
45 9214 8,| 94; 9 1 6.1 
46 16 |4 Б. 94| 5 2 12.5 
47 27 |48,| 94| 2 720 
48 27 |45.| 94| 4 15.5 
49 27 |4 8. 94 3 10.5 
50 6 65.1 94| 10 40.6 
51 615059. 941 4 3 | 28.0 
52 22 | 6 S. 95 8 |24.5 
58 22 | 6 8.| 95 8 | 35.0 
54 2216 Б.| 95] 8 20.7 
55 22|6 8. | 95 | 13 15,4 р 
56 92|68,) 95115 11.2 .9265 
57 117 8.1 98 63.3 9115 
187 ШЕВ | 10021. 8. ОВ ‚898 
188 97 |7 8.| 100; 5 38 
189 2717 8.| 100; 3 6 |22 
190 3615 8.| 96| 6 4 |18 
191 36 | 5 Б. 9615 4 19 
192 36|58.| 96| 2 6 | 36 
193 86 |5 8.| 96| 5 42 
221 16 |1 8.| 10112 9 |18 
222 16/18. 1100 6 9 
223 16 |18.1100| 7 2 |21 
224 16 15, 10015 6 |18 
225 16|18.|100] 8 10 |25 
226 16 |1 6. | 100 5 9190 
227 To В. 00007 2 | 
228 1611 В. 1 1003.5. 2: |-17 
229 16 |1 Б. 99 9 4 95 
230 21|28.|00| 5 3 | 22 
231 21|2 8.1100| 4 12 
232 21|,28.|100| 3 1 | 20 
233 21 |28.|100| 6 7 | 2 
234 ?'21128.'100! 6 10 123 


€ Distilled with steam. 
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Results of distillation of samples of oil shale collected in Colorado—Continued. 


Location. Theo- 
retical 
Yield of Saat of 
Tar чета o lent of 
Sample N. Bu oil рег | Nitrogen | nitrogen | Sulphur 
Ор ФАО; empleg. Short боп | in shale. | inam- |inshale. 
Sec. | Т. |R. W.|Sampied. | oF shale. monium 
sulphate 
per ton 
shale. 
Ft. in. | Gallons. | Per cent. | Pounds. | Per cent. 
2 5. 100 9 4а 34 0.57 53.7 |.. UM 
2 в. 100 fe) 18 .97 34 
2 S. " 100 6 10 11 .27 
2 8. 100 4 6 31 .59 
2 Б. 100 7 21 .32 
2 Б. 100 Die 46) 22 .94 
2 8.| 100 % 7 80 .44 
2 S.| 100 TEE 28 .35 
2 8. 100 4 10 26 .45 
2 8.| 100 Se 25 E 
EX IS 100 3 7 „Жї 
38 S.| 100 5 10 Ae 
3 8. | 100 5 2 24 .44 
9-45 100 8 9 22 .46 
2 S.| 100 DEN 33 .41 
3 S. | 100 Я 22 .56 
8 S. 100 quss) 27 .44 
3 S.| 100 СЕМ! 26 .45 
3 B. 100 8 6 22 .49 
3 S. | 100 4 3 22 .46 
4 8, 99 62 81 .51 
4 Б. 99 7 5 26 .42 
4 5. 99 12 5 27 .43 
4 8. 99 10 9 34 .72 
45, 99 3 4 18 .27 
4 Б. 99 711 24 -38 
4 8. 100 18 24 .47 
4 8. | 100 3 22 ‚42 
4 8. 100 9 2 25 .47 
4 $.| 100 4 10 29 .50 
4 6. | 100 3 4 23 .92 
48. 100 8 9 80 0.53 
45. | 100 (een?) 34 „55 
45. 100 4 4 25 ‚42 
46. 100 4 8 22 .50 
45. 100 E: 23 .47 
46. 100 4 2 16 ‚35 
48, 99 3 6 24 46 
48, 99 5 6 20 .41 
48. 99 5 4 23 .38 
48. 99 9 9 6 .21 
4 Б, 99 6 6 22 .41 
48. 99 5 9 20 E 
45. 99 5 8 23 .44 
45. 99 86 30 .49 
4 8. 99 6 19 .27 
4 Б. 99 Tie 12 .37 
48. 99 4 10 9 .29 
5б. { 100 5 8 26 .43 
58.| 100 53 97 ЕЛ 
58. 100 6 2 44 .58 
58. 100 10 22 .30 
58, 100 6 8 9 .44 
58. | 100 8 4 12 .21 
6 S. 100 5 18 .80 
68. | 100 5 82 .60 
68. 100 4 13 .30 
68.| 100} 41 17 45 
65. | 100 4 4 70 „85 
78. 100 9. 10 43 .46 
6 8. 99 4 5 21 ‚84 
68. 99 6 24 .43 
6 8. 99 4 7 94 ‚78 
6%. 99 7 4 17 .38 
6 Б. 99 8.1 21 .86 
6 Б. 99 з 8 ЕЕ ses a 
65, 99 6 3 17 „37 
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Resulis of distillation of samples of ой shale collected in Colorado—Continued. 


| Location. Theo- 
retical 
equiva- 
Mi dem pos of € oat of ES 
ness 0! oil per. itrogen | nitrogen | Sulphur 
Bample No. shale |short ton | іп shale. | inam- | in shale. 
Sec. | Т. |В. W.| sampled. | of shale. monium 
sulphate 
per ton 
shale. 
Ft. т. | Gallons. | Рег cent. | Pounds. | Per cent. 
68. 99 6-6 13 0.24 22.6 0.26 
68. 98 52 23 451 48.0 1.03 
68. 98 4 2 ОБ. essen ere rana da dr .86 
68. 98 2 8 38 .68 59.3 1.07 
68. 98 8 T 45 .80 улды ЕЭБ д 
6 8. 98 5 3 21 .36 34.9 33 
68. 98 2 10 18 .90 QUUD usce е ае 
68. 98 2 -F9 37 ‚72 67.8 12 
6 5. 98 8 11 18 ‚76 71.8 48 
Hoses 100 i75 14 .19 17.9 18 
7 5. 100 2596 22 35 32.8 33 
ТБ 100 5 10 А 
Vs 100 15 
75, | 100 5 
78.| 100 8 
TIS 100 4 8 
88. 99 5 10 
88. 99 2 
88. 99 org 
88. 99 2 4 
Ms. 97 пежо BD. 
58. 94 6 35. 
78. 96 $ :3 ў 
75. 96 2 10 2 
78. 96 ned d 
7 8. 96 5 2. 
T8. 96 53. 
TES 96 5 10 24 .44 41.4 37 
78. 96 3 6 11 14 аль 
7 S. 96 2 Ut 26 30 28.3 16 
7 8. 96 2 6 25 63 59.3 81 
1 5, 96 TIU 21 52 49.0 60 
6 S. 95 5 4 44 64 60.2 82 
68. 95 20 2 40 74 69.6 1.05 
65. 95 Өл 91 26 52 49,0 99 
68. 95 6 8 28 86 34.9 38 
6 8, 95 3 27 48 40.5 48 
6 8. 95 Ө 8 22 34 31.9 45 
6 8, 95 5 Р CCS CIC ЕЕ 
6 5, 95 СР) 18 .28 OA О Exc cese 
68. 95 6 6 21 29 27.3 41 
6 8. 95 (parol Па реве И үз eine era | Ie ge nm 
68. 95 6 4 13 18 16.9 44 
6 5, 95 RET 81 46 48.5 68 
6 8. 95 2 8 87 ‚26 24.5 68 
68. 95 3 4 12 .20 T8 ров 
65. 95 6) peel’ ее А 
6 8. 95 2 ily .45 ДОРА ве 
6 8. 95 7 21 58 54.6 43 
6 8. 95 5 28 43 40.5 44 
Zi 94 oma 6 .22 20.6 25 
7 8. 94 2 10 14 .13 12.2 13 
78, 94 ШЕ 80 AT 44.3 27 
78. 94 5 15 .92 30.1 26 
18, 94 4 16 25 28.6 16 
TS 94 8 8 192223232. i Ее a, 
88. 95 3 1 7 .20 18.8 44 
88. 95 110 33 .52 49.0 39 
88. 95 5 5 24 .48 ТЕ | reewteer 
88. 95 1 4 87 .62 58.4 78 
88. 95 з 4 27 47 44.3 66 
9 5. 95 4 6 47 .75 70.6 27 
9 8. 95 6 10 21 .39 ӨБ 
98, 95 4 8 22 ‚42 39.6 82 
98. 95 1 10 36 .61 57.4 Бі 
98. 95 4 8 88 202455524 ees .53 
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Results of distillation of samples of oil shale collected in Colorado—Continued. 


Location. Theo- 
retical 
equiva- 
Thick- | Yield of sii lont of E 
ness of oil рег | Nitrogen | nitrogen | Sulphur 
Sample No. shale stor ton inshale. | inam- |in EU 
Soc. | T. |R. W.| sampled. | of shale. monium 
sulphate 
per ton. 
shale. 


. in. | Gallons. | Per cent. | Pounds. | Per cent. 
Es 


Ft 

5195. 95 3 27 0.52 49.0 0.53 
29 |10 S. 93 4 4 18 ‚10 ӨР» hao ce cease 
29 |10 S. 93 13829) 28 23 21.7 18 
29 |10 S. 93 2 6 6 13 19 9. [es se citt 
29 |105, 93 8 3 14 14 REPE менее 
81 |105. 94 DO! 36 .98 35.9 27 
31 |1085. 94 TES 24 .25 23.6 18 
31 |10 S. 94 9 15 cu) TYREE er 
81 |105. 94 8 10 87 .49 46.1 89 
31 |10 S. 94 2 Шы Т Баты; 
81 | 105. 94 ZN 13 ‚21 ВСЕ: 

DEVELOPMENTS. 


Опе of the first attempts to make use of oil shale was prompted 
by the idea that certain black shale occurring above. the cliffs in 
sec. 1, T. 7 S., В. 97 W., was lignite. A tunnel 30 or 40 feet long 
was driven on the bed, which is only 16 inches thick, but was finally 
abandoned. Later other persons continued the prospecting, thinking 
the material was а natural asphalt. Still more recently the prop- 
erty has been taken up as oil-shale land. 

After the work of Woodruff and Day in 1913 considerable pros- 
peeting was carried on, and early in 1917 the Oil Shale Mining Co. 
installed near the head of Dry Fork, 22 miles west of De Beque, 
Colo., a small retort patterned in general after the Henderson retort 
used in Scotland. So far as known to the writer this was the first 
large retort erected in the field to distill oil from the western shale. 

The possibilities of producing oil from oil shale at a profit have 
within the last few years attracted the attention of many persons, 
and rapid strides have already been taken toward this end, but 
because of the newness of the undertaking and the many attendant 
difficulties the results are rather slow in appearing. 

At the time of the writer’s last visit, m October, 1918, evidences 
of oil-shale activities were apparent everywhere. The steep slopes 
of many of the cliffs leading to the outcrops of the oil-shale beds are 
scored with trails and newly built roads, which will make it pos- 
sible to reach the outcrops without the use of an airplane. So- 
called “assessment pits,” many of which in reality are nothing more 
or less than small excavations dug at random on the hillside and 
are neither essential or even of assistance in the ultimate development 
of the shale, have been dug on most of the claims, in order to comply 
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with the law which required that $100 be spent on each claim each 
year. A large part of tho land underlain by valuable beds of oil 
Shale and within the reach of the railroad has now been filed upon 
as mineral land and is therefore covered by the preferential rights 
recognized by the leasing law recently enacted." Many stitilloatióng 
lor patent to oil-shale land have been filed with the General Land 
Office, and by July 1, 1922, the Government had issued final patent 
to about 29,000 acres of oil-shale land, most of it near Grand Valley. 
Several small shale camps, including one or more cabins, shops, ебе., 

have been constructed in the valleys adjacent to the outcrops of ihe 
oil-shale beds, and in а few places the operations include retorts, tram- 
Ways, and other paraphernalia to be used in the production of shale oil. 

Тһе Ameriean Shale Refining Co., with properties on Conn Creek, 
in 1918 installed a 3,000-foot ril tramway to bring the shale 
from its outerop down to the distilling plant to be built just above 
the mouth of Baker Gulch, on the east side of Conn Creek about 12 
miles north of De Beque. Practically all the material necessary 
lor the installation of a 150-ton retort of the Wingett pattern was 
assembled on the property, but its erection has been postponed. 
The company's equipment also includes several comfortable cabins. 

The Colorado Carbon Co., whose properties lie at the head of 
Kimball Creek, 25 miles northwest of De Beque, has a neat little 
camp including three or four log cabins and in October, 1918, had 
àn aerial tramway nearly installed. Most of the research work of this 
company has been done at laboratories in St. Louis. 

Тһе Continental Oil Shale Mining & Refining Co. during 1920 
erected and began the operation of a retorting plant on its property 
on Piceance Creek west of Rio Blanco post office. The retort (known 
as the Colorado Continuous retort) consists of a vertical cast-iron 
chamber 2 feet in diameter and 22 feet high set in a brick furnace. 
The shale, crushed to one-half inch size, is fed from a hopper into 
the retort at the top and lowered by a helical conveyor that regu- 
lates the speed at which it passes through the heated zone. Oil 
ànd permanent gases produced in the distillation are used in the 
furnace, to supply the heat for distillation. Vapors are withdrawn 
from the retort through a number of pipes at different elevations 
and carried through FR and water cooled condensers, where the 
oil is condensed. Spent shale is removed by a mechanical device 
through a water seal at the bottom of the retort. The plant has 4 
tated “capacity of 50 tons of shale a day. 

The Grandvalley Oil & Shale Co. during 1920 constructed an 
automobile road from Parachute Creek up Starkey Gulch to its 


i v. " General Тала Office Cire, en, 1920, 
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plant site, 6 miles northwest of Grand Valley, and was laying founda- 
tions for the installation of a Stalmann retorting plant. 

The Index Shale Oil Co. in 1921 completed the installation of a 
Brown rotary retorting plant at the foot of Mount Blaine, about 16 
miles northwest of De Beque. The retort consists of a huge cylinder 
72 feet long by 3 feet in diameter set horizontally inside of a brick 
fireplace. Тһе cylinder is made in three sections, each of which is 
revolved independently of the other two. Raw shale is to be fed 
into one end, and the spent shale discharged from the other. The 
equipment is set up in a most businesslike manner, and accessories 

, consist of steam boilers, crushers, condensers, ete. 

The March Oil Shale Co., whose property is in Wheeler Gulch 5 
miles north of Grand Valley, by May 1, 1921, had completed the in- 
stallation of a 4,000-foot surface tramway connecting its mine site on 
the cliffs above with the plant site 1,700 feet below. Grading and 
other preparations had been made for the installation of a Тай retort, 
machinery for which was being assembled on the ground. 

The Monarch Oil Shale Co. during the winter of 1920-21 installed 
a 50-ton Ginet retort on the west side of Conn Creek about 13 miles 
north of De Beque. The plant includes also condensers, crushers, 
bunk house, tanks, ete. The retort consists of a large cylinder set 
horizontally in a brick furnace. Crushed shale is fed into one end 
and carried through the retort by a series of buckets or scrapers 
arranged about a revolving central shaft. The vapors are conveyed 
to air-cooled condensers, and the uncondensed gas is used as fuel. 
The apparatus is equipped with burners which utilize either gas or 
erude oil. The shale is crushed at the mine mouth, high on the cliff 
above the retort, and conveyed thence by gravity through a 4-inch 
pipe to the storage bin, immediately above the retort. The plant 
was put into operation in April, 1921, and has been operated inter- 
mittently. 

The Mount Logan Oil Shale Mining & Refining Co. has installed an 
aerial tramway more than a mile long connecting its mine, near the 
top of Mount Logan, and its retorting plant, near the base of the 
mountain, about 4 miles northeast of De Beque. The single-unit 
Simplex retort completed early in 1920 consists of an inclined cast- 
iron hearth about 30 feet long and 3 feet wide. The retort chamber 

above the hearth is about 3 inches deep, and its top is penetrated 
by five large take-off pipes for the removal of vapors. Finely 
crushed shale is fed into the upper end of the retort by a screw 
conveyor and carried down across the hearth by the assistance of 
15 geared agitators, each of which scrapes the bottom of the retort, 
moving in a circular direction. Spent shale is removed at the lower 
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end of the retort through a shale seal. Crude oil is used in two 
burners located under the upper end of the hearth. The mine, near 
the top of Mount Logan, consists of several entries and rooms laid 
out after the plan of coal-mining operations, and several hundred 
tons of shale has been mined and taken down to the plant site below. 
A power-driven auger drill is used in drilling holes for blasting out 
the shale. 

The Oil Shale Mining Co., whose properties are near the head of 
Dry Fork, about 20 miles west of De Beque, was the first to install a 
working retort. (See Pl. XIII, B.) Thisretort was later dismantled 
and moved to a more favorable location near by. Material for a 
total of six Henderson retorts is on the ground, and the new mill site 
is connected with the shale quarry by a 1,000-foot aerial tramway. 

The Pure Oil Co. during 1921 put down a diamond-drill test hole 
to a depth of 825 feet near the east end of Battlement Mesa and made 
complete chemical examination of the entire 34-inch core that was 
thus obtained, as well as of numerous surface samples of the oil 
shale of the district. Distillation tests together with fairly com- 
plete chemical analyses of the raw shale, the spent shale, and the 
gases evolved were made under the supervision of Paul S. Nice in a 
specially equipped laboratory at Glenwood Springs. The work 
included the chemical examination of about 1,500 samples of oil | 
shale. 

The Union Oil Co. of California by July 1, 1922, had made patent 

application for practically all of its 17,000 acres of oil-shale placer 
claims near the forks of Parachute Creek, north of Grand Valley. 
The company has acquired a considerable area of ranch land adjacent 
to its oil-shale property, to be used as camp, reduction, and waste- 
dump sites in connection with the development of the oil shale. It 
also owns 200 acres near Grand Valley which is to be used for reduc- 
Чоп and refinery operations. Тһе company's research work during 
1921 included the careful mapping of the oil-shale outcrops on the 
property, the careful and complete sectioning and. sampling of the 
Green River formation (2,300 feet thick), the making of about 6,000 
laboratory tests on 900 samples of oil shale, and the shipment of 
Several large samples of the shale to the company’s laboratories in 
California, where the shale is being used in extensive research opera- 
tions. The company’s field camp, about 12 miles north of Grand 
Valley, includes three well-constructed buildings, one of which is used 
as a field laboratory. 

In Denver experiments are being carried on by a number of persons 
looking toward the perfection of processes for the distillation of oil 
shale, and several small plants have been set up to test their effi- 
ciency. 
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At the University of Colorado at Boulder experimental and re- 
search work has been carried on by R. D. George, State geologist, 
chemists of the United States Bureau of Mines, and others interested 
in the oil shale. 

At Golden considerable valuable research work has been carried 
on by the Colorado School of Mines. 


IDAHO. 
GENERAL CONDITIONS, 


From the Idaho-Montana State line southeastward for a distance 
of 75 miles there are no outcrops of the Phosphoria formation, which 
at many places in the Rocky Mountain region contains black bitumi- 
nous shale. The rocks reappear in the Teton and Big Hole mountains 
along and near the Idaho-Wyoming State line and thence southward 
are to be seen in most of the mountains ali the way to Ogden, Utah. 
They crop out along the Salt River Range in Wyoming and also encircle 
the Uinta Mountains of northeastern Utah. "Throughout the region 
brown or black shale is associated with the phosphate rock in beds 
whose thickness ranges from 50 to more than 200 feet. Wherever 
these black shales crop out they were prospected by the early settlers 
for coal. More recently new openings have been made at a few 
points for the mining of phosphate rock. Unweathered samples of 
the shales were obtained in the mines and prospects at numerous 
places that can be regarded as representative of the area. Тһе 
negative results from the distillation of the samples collected from 
these areas therefore prove that, however rich in hydrocarbons it may 
once have been, the black shale of the Phosphoria formation in south- 
eastern Idaho and adjacent parts of Wyoming and Utah is not now to 
be regarded as oil shale, there being but few samples that yield as 
much as 1 gallon of oil to the ton. 

In all the above-mentioned mountain ranges the Phosphoria forma- 
tion probably includes beds of phosphate rock that is sufficiently low 
in iron and alumina to meet commercial requirements. 


SECTIONS AND TESTS, 


Detailed measurements of the Phosphoria beds show considerable 
variations from place to place. Тһе following section published in а 
report by Richards and Mansfield” illustrates well the general char- 
&cter of the formation as exposed in Georgetown Canyon, Idaho. 
Although carbonaceous shales make up a large part of the section at 
this point, no samples on distillation yielded more than a trace of oil. 


12 Richards, R. W., and Mansfield, б. R., Preliminary report on a portion of the Idaho phosphate reserve: 
U, 5. Geol. Survey Bull, 470, pp. 387-388, 1911. 
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Section of Phosphoria formation in Georgetown Canyon, Idaho. | 
Field Equiva 
х j AS AR: 
ROM РО. lent to prs 
men. Cas(PO4)s. 
144-4 | Shale, calcareous, or muddy limestone, brown, weathering into | Per cent. | Per cent. Ft. in. 
irregular chip fragments; effervesces "vigorously: s 3.5 теті 25 6 
144-B | Phosphate rock, oolitic, weathering brown or gray; efferve: es 
slightly; lower 13 inches somewhat cherty.. 35.8 78.4 6 
144-C | Shale, hard, brown, caleareous at the top; effervesce: 3 АО а 1 
144- Phosphate rock coarsely oolitic, gray; effervesces vigorously... . 37.6 82,3 21H 
144-E | Shale, brownish, earthy, containing 6 inches of phosphate; 
effervesces consider Go Dre RA роу А Т a wat ре 10,0 21,9 1 
144-F | Phosphate rock, including Ft. in. 
(а) Phosphate rock, oolitic, AN gray, calcareous. . 7 
(b) Phosphate rock, gray, oolitic 22 6 21.9 48.0 1 5 
(с) Shale, phosphatic, light DLON ssw. accuses E 4 


(Sample shows considerable effervescen 
144-G коко rock, ШЕ 


sy 


(е) Phos hate rock, coarsely o olio, gr ay.. e УЖ 
thin bedded ev 
(g) Phos Date КА соат Беу oolitie, gray.. 
(Sample efferv esces slightly.) 
14-H | Phosphate rock, including 
(а) Phos hate rock, medium to finely oolitie, brown- 


| 
98. 3 72.9 4 2 


Бшш те = 7 

(b) Shale, phosphatic, brownish, somewhat oolitie.... 10 2 } 

(с) Phosphate rock, coarsely oolitic s 2 29,3 64.1 110 
(d) Phosphate rock, shaly, brown.. 3 

144-I | Phosphate rock, including 
(а) Phos phate rock, coarsely oolitie, brownish-black 

Е ғы Ышш атт ueni 

(b) Phosphate rock, shale, brown, thin bedded.. - 5 2. А 
(c) Phosphate rock, ; coarsely oolitie, crumbly. 4 957 76.0 4 10 
(d) Phosphate rock, medium to coarsely oolit 9 


(Sample effervesces considerably.) 
144-K | Shale, brownish to black, earthy composition, thin bedded, 
with a few limestone lenses; effervesces slightly 
Limestone, dark, compact, fetid 
144-Т, | Shale, brownish to black, earthy; efferves 
144-М | Shale, including 
(а) Shale, brownish Басс елу 7 
(b) Concealed, not included in sample (probably 15.1 33.1 17 
same ава and с) 47 у 2 
(с) Shale, brownish black, earthy.. § 
144-N o black, earthy; effervesces slightly .. 
144-0 | 1. Shale, brownish black, earthy............ 4 
| Limestone, single stratum (not sampled) 2 
3, Shale, brownish black, earthy........... 
4, Limestone, single stratum (not sampled). . 
144-P | Shale, black ‘and dark brow n, calcareous, e: rihy; effepvesces 
[нс ВТА Е ЫЛ БЫРЫ САБАЙ 5 
144-9, | Shale, black and dark brown, calcareous earthy;. ебегу сез 
QOHsidetably ъз, eRe eee Cer СЫ: Е 
144-R | Limestone, shaly, brownish gray; effervesces vigorously. 
Limestone, single stratum 
Limestone (“сар lime”), fine, dark gray, fossiliferous. . 
144-8 | Phosphate rock, main bed prospected, coarse to m 
oolitic, gray; contains two or three minor streaks of shaly ma- 
terial; effervesces slightly 585 
144-Т | Shale, brown, earthy; CR AU lightly. 
Limestone, massive, underlying the “phosphatic se 
ness not determined. 


Samples of shales and other carbonaceous materials were also | 
collected and tested from localities described below: | 


Samples 426-429. Black shale, limestone, and phosphate, all greatly sheared, 
Palisade Creek, T. 2 N., В. 45 E., Idaho. Thickness apparently more than 100 feet; 
samples represent lithologic variations. Result of distillation: Oil, 3 gallons to the | 
ton; nitrogen, 0.70, 0.76, 0.85, 0.41 per cent, equal to 65.8, 71.7, 80.1, 38.6 pounds | 
of ammonium sulphate to the ton. 
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Sample 432. Black shales of Phosphoria formation over phosphate bed, Georgetown 
Canyon, Idaho; sec. 25, T. 10 S., R. 44 E. Material selected after visiting several 
prospect tunnels and trenches. Result of distillation: Oil, trace. 

Samples 433-441. Phosphatic black shales of Phosphoria formation about 40 feet 
thick, associated with phosphate bed in Waterloo mine, near Montpelier, Idaho; sec. 
6, T. 13 S., R. 45 E. Result of distillation: Trace of oil in only one sample; others 
barren. 

Samples 442-447. Phosphatic black shales of Phosphoria formation about 18 feet 
thick, associated with phosphate beds at Paris mine of Western Phosphate Co., near 
Paris, Idaho; вес. 8, T. 14 S., К. 48 E. Result of distillation: No oil. 

Samples 448-449. Bloomington Canyon, Idaho; NW. sec. 21, T. 14 S., В. 43 Е. 
Black phosphatic shales of Phosphoria formation. Thickness of beds sampled 75 
feet. Result of distillation: Trace of oil in four samples. 

Sample 462. Taken in Boise opening of “ Boise" coal bed at north edge of sec. 36, 
Т. 5 N., К. 43 E., Idaho, by Frank Reeves. Sample represents coal bed 3 feet 
5inches thick. Cretaceous age. Results of test: Oil, 38 gallons to the ton; nitrogen, 
0.77 per cent, equal to 72.4 pounds of ammonium sulphate to the ton. 

Sample 463. Black shale from bank of Bear River about 4 miles south of Soda 
Springs, Idaho, in sec. 29, T. 9 5., В. 42 E, Bed over 4 feet thick; lies nearly flat 
and extends under basalt flow. Quaternary age (?). Results of test: Oil, 20 gallons 
to the ton; nitrogen, 0.98 per cent, equal to 87.7 pounds of ammonium sulphate to 
the ton. 

MONTANA. 
GENERAL CONDITIONS. 


Montana's oil shale has attracted the attention of geologists and 
the publie largely through the attempts to produce oil from the shale 
near Dillon, in the southwestern part of the State. Тһе shales that 
are particularly interesting because of their possible value as sources 
of oil belong to two different formations, the Phosphoria, of Permian 
age, and the 'lertiary beds, of possible Oligocene age. Тһе black 
shales of the Phosphoria formation are associated with rocks that 
contain phosphate, and it is possible that the value of the beds for 
oil, nitrogen, and phosphate combined шау make it feasible to 
develop them commercially, but from tests so far made it appears 
that the separate values are too low to warrant the utilization of 
these shales, at least for а long time to come. 

Samples of dark shale have been collected by geologists of the 
United States Geological Survey from formations other than the two 
mentioned, but tests have shown the shale to be of scientific interest 


only. 


WEST-CENTRAL MONTANA. 


GENERAL GEOLOGY. 


Тһе beds sampled for oil shale in west-central Montana lie in the 
Threeforks and Quadrant formations, whose positions and general 
character are shown in the following generalized geologic section, 
representative of the area between Whitehall and Logan: 
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Generalized section in west-central Montana. 


Phosphoria formation (Permian): Feet. 
Chertand! ОЛЫ РОСС СА see EES 0-50 
Shale, sandy, with thin phosphate beds (position of oil-shale 

Мейер ОЮ Ош Шы es Сы АЕ chap Нысан ier скер 0-25 

Quadrant formation (Pennsylvanian and late Mississippian): 

NIECE шеу ЕЕ е тағы із cts eet ped cU Deep iuc) ce mda 300 


Impure limestone, shaly sandstone, and more or less black 
shale. Contains oil shale in western part of Meagher County. 0-60 
Sandstone, impure limestone, and sandy shale, generally of 
Ibnick-red Color $2. ЕНЕС ЕВЫ ai ЕА 75+ 
Madison limestone (Mississippian): 
Thick massive layers in upper part and thin platy layers 


ONAL MOOG ED. 6 ЫЛ AR ee Seca ee ДЕРТ te Nene oe 1, 000 
Threeforks formation (Devonian): 

Shale; Macks dt Жата Ope ыны eeu eru es see ee 0-3 
Без о ПЗУ e, И escis a ET ..... 20-30 
Silo SAGT nO ede OCT, S E aes ТУА АТЫ 5-15 
Shale, sandy, greenish, interbedded with sandstone and fos- 

ӨШ OUR MOON е I e ЧИ s а 30+ 
В О ETE I. o Mod SNB E10 vuU ОЛЕ АР 75+ 


Northward from Lombard, on Missouri River, the Phosphoria 
formation disappears and the underlying Quadrant formation thins, 
owing to an unconformity. On the North Fork of Musselshell River, 
in the Little Belt Mountains, the overlying Ellis formation, of Jurassic 
age, rests upon limestones of the lower part of the Quadrant, the 
thick quartzitie sandstone member constituting the upper half of 
the Quadrant formation being absent. The shales in the lower por- 
tion are persistently carbonaceous, but most samples yielded on 
distillation no more than a trace of oil. The principal exception is 
in the western part of Meagher County, where the beds locally yield 
as much as 30 gallons of oil to the ton. This oil-shale facies of the 
Quadrant formation is not persistent, being most conspicuous in the 
vicinity of Adell, Meagher County, and disappearing toward the 
south. Bituminous shales are present in the Little Belt Mountains, 
the Bridger Range, and farther south, but no samples yielded on 
distillation more than a trace of oil. 

The black shales of the Threeforks formation were sampled in the 
Bridger Range and at а number of points to the west, near the head 
of Missouri River. None of the samples yielded more than a few 
gallons of oil to the ton. 


QUADRANT FORMATION. 


The richest samples of oil shale from the Quadrant formation came 
from Meagher County, Mont., about 9 miles south of Adell post office, 
where shales identified by С. H. Girty on paleontologic evidence as 
Quadrant were sampled in several prospects by Е. T. Hancock in 1917. 
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Here and at various points asfar east as the Bridger Range the black 
shales have been prospected for coal, and some of the pits dug years ago 
are still open for sampling. The Quadrant shales were investigated 
and sampled at several other localities, but the amount of oil obtained 
on distillation of the samples was insignificant. Descriptions of 
localities of the Quadrant shale visited are given below. 


Samples 377-382. About 9 miles south of Adell post office, Meagher County, Mont.; 
investigated by E. T. Hancock. Samples 377, 378, and 379 came from a landslide 
exposure at the head of Freeman Creek, on the F. O. Campbell ranch, near the line 
between secs. 28 and 33, Т. 14 N., R. 2 E. 

Sample 377 came from a thin bed near the base of the exposure. It was difficult to 
tell just how much of this material there is, for the beds are not very well exposed, 
but where the sample was taken the shale is about 2 feet thick. Possibly there are 
other beds of the same kind within the formation. Strike about N. 40? E.; dip about 
50? SW. 

Sample 378 came from some fossiliferous beds about 25 feet below the top of the 
exposure. These beds are underlain by about 3 feet of fine-grained yellowish-brown 
sandstone, the joint planes of which are coated with a black substance resembling tar 
or asphalt. Тһе highly fossiliferous beds are not much more than a foot in thickness 
and grade upward into the dark-brown shale represented in sample 379. 

Sample 379 came from a bed of shale about 5 or 6 feet thick overlain by a hard bed 
of fine-grained sandstone. Near the middle of the shale bed are calcareous lenses 
containing shells and coatings of tar or asphalt. 

Samples 380 and 381 came from the E. % вес. 32, T. 14 N., R. 2 E., near the head of 
the central branch of the north fork of Freeman Oreek. At this point there is a land- 
slide exposing the shale. ‘The beds are so closely folded here that it is difficult to tell 
how much shale is present, but it is believed that at least 30 feet of shale is exposed. 
Sample 381 was taken near the top of the belt, and sample 380 near the middle. 
Wherever seen the shale seems to be petroliferous, in that it gives off a very distinct 
odor of petroleum when fragments are rubbed together. The beds appear to have 
a general anticlinal structure, the axis passing in a general northwesterly direction at 
this locality, but the structure is complicated by minor folds. Without knowing the . 
details of the structure, the writer suspects that samples 380 and 381 probably came 
from beds higher in the section than samples 377 and 379. 

Sample 382 came from a prospect pit on the west fork of Crooked Creek, in sec. 36, 
T. 14 N., R. 1 E. From its relation to the overlying belt of white limestone, the 
shale is regarded as a part of the same belt as that at the head of Freeman Creek (sam- 
ples 377-881). The prospect appears to be at the crest of an anticline, whose axis 
trends nearly due east. The beds dip steeply away from the opening on both the 
north and south sides. Above the shale on each side of the prospect is reddish-brown 
sandstone, overlain by gray limestone, The total thickness of the shale could not be 
determined, but from all appearances it must be between 30 and 70 feet. ‘The sample 
represents a thickness of 3 feet exposed in the prospect pit. The shale is not well 
exposed elsewhere at this point. 

Sample 889 was taken on the North Fork of Musselshell River about 4 miles east 
of Delphine, in T. 9 N., В. 11 E., from black fossiliferous shale in the lower part of the 
Quadrant formation. The bed sampled is 7 feet thick and is exposed along an irriga- 
tion ditch on the north side of the valley. The beds are overturned and dip steeply 
westward. 

Sample 884 was taken on the west side of Ross Peak, in the Bridger Range, in T. 2 N., 
R. 6 E., from a bed of black shale 24 feet thick, probably of Quadrant age, lying 
between quartzitic sandstone layers. 
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Samples 385 and 386 came from a point half a mile northwest of Lombard station, 
alone the Northern Pacific Railway, in the Missouri River valley in T. 4 N., R. 2 E. 
Here the lower part of the Quadrant formation contains much black shale and shaly 
limestone in which prospect pit" have been dug for coal. Some of the rock when 
freshly broken emits an oil odor. Neither of the samples on distillation gave any oil. 
About half a mile northwest of the Quadrant exposures is an abandoned coal mine 
in the Kootenai formation. 


THREEFORKS AND OTHER FORMATIONS. 


The Threeforks formation is exposed at several places in west- 
Central Montana. Samples from this and other formations were 
Obtained as described below. Some other exposures were visited 
but not sampled. 


Samples 887 and 888 were obtained on the south side of Jefferson River at the east 

end of the canyon, about 4 miles east of Jefferson station, where nearly vertical and 
considerably sheared black shales of the Threeforks formation contain a layer of coal 
Several inches thick along which a shaft was sunk to a depth of more than 30 feet many 
Years ago. Sample 387 was taken from the weathered coal near the outcrop; sample 388 
Tepresents hard pieces of coal picked from the dump. 
. Sample 889 was taken in the bottom of a small ravine 4 miles N. 20° W. of Logan, 
in T, 2 N., R. 2 E., at the bottom of a prospect pit, 20 feet beneath the surface, in soft 
dark-brown shale 3 feet thick dipping 40? N. This shale, which is of Threeforks age, 
1$ separated from the Madison limestone by 30 feet of shaly sandstone. 

Samples 890 and 391 were collected from the Threeforks formation at the west side 
of Ross Peak, in the Bridger Range, in T. 2 N., В. 6 E., at an elevation of about 7,700 
leet. The section at this locality is as follows: 


Geologic section on west.side of Ross Peak, Mont. 


Madison limestone, in thin platy layers. 


Threeforks formation: Ft. in, 
Shale, black, tough; emits oil odor when freshly broken 
(SOM LOO) each сык МА ы Ae wt ot’ uals Ube Зэ нис 2 6 


Sandstone, shaly, calcareous and fossiliferous in lower portion. 30 
Shale, black; emits oil odor when freshly broken (sample 391). 10 
Shale, sandy, unmeasured. 

Sample 392 represents a coal bed of Cretaceous age in the railroad cut at Chestnut 
Station, 7 miles east of Bozeman, In the same vicinity are abandoned coal mines, 
The thickness of the beds sampled is about 10 feet, including coal and black shale 
and excluding a layer of gray shale 14 feet thick near the base. 

On the north side of the valley of Sixteenmile Creek, along the 
Chicago, Milwaukee & St. Paul Railway about 2 miles east of Lom- 
bard, there are complete exposures of the upper half of the Three- 
forks formation, consisting of greenish to dark-gray shaly sandstone 
and sandy shale but including no beds of promising appearance as oil 
Shale. 


3 For a description of the Chestnut district see Calvert, W. R., The Livingston and Trail Creek coal 
86145, Park, Gallatin, and Sweet Grass counties, Mont.: О, S. Geol. Survey Bull. 471, рр. 384-405, 1912, 


98613?—23— Bull. 729 6 
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In a ravine on the north side of Gallatin River opposite Logan 
village complete exposures of the Threeforks formation show the 
following beds, none of which warrant sampling for oil shale: 


‘Section near Logan, Mont, 


Madison limestone, in thin layers, unmeasured, 


Threeforks formation: ТЫ ш. 
Sandstone dank ош Шел зет ее 1 6 
Smale аск {зал чо ы о т code san 2 
Sandstone, grayish brown, in even layors...................... 25 
Glay shale. dark gray ышар е 2..0. З.В 
Sandstone, shaly, fossiliferous.........-.----.-------------- 17 
Limestone, dark отау, fossiliferous.......---.--.--.+.+-is-me- 6 
Shale, greenish, grading down into sandstone................. 30 

92+ 


On the North Fork of Musselshell River near Delphine, in T. 10 N., 
R. 11 E., a search was made along the outcrop of the Threeforks 
formation, but no black shale was found. 


DILLON-DELL AREA, SOUTHWESTERN MONTANA, 


PHOSPHORIA AND ASSOCIATED FORMATIONS. 


General geology.—In the Dillon-Dell area the formation of chief 
interest as a bearer of oil shale is the Phosphoria. This formation also 
contains phosphate beds which persist northward to the Garrison field, 
near Helena, and southward through southeastern Idaho into Utah, 
where the rocks are included in the Park City formation. Although 
the phosphate beds in the Dillon-Dell area are fairly rich and possibly 
of minable thickness, they do not compare favorably with the deposits 
now mined in southeastern Idaho. 

From Dillon eastward into Yellowstone Park and the west-central 
Montana area the Phosphoria beds change in character and the 
phosphatic black shale member disappears. Throughout the region 
the Phosphoria shales crop out along the principal mountain fronts 
and are in general steeply dipping and extensively faulted.“ The 
formation has never been completely mapped in the Dillon-Dell area, 
and detailed mapping in the future should disclose further outcrops, 
especially in the southern portion of the area, along the Idaho State 
line. 

In the detailed descriptions of beds sampled are given measurements 
of the phosphatic shale beds and associated phosphate rock, and it is 
only necessary to give here a general outline of the stratigraphy show- 
ing the associated formations. 


4 For a description of the Phosphoria and Quadrant formations in the Threeforks-Yellowstone Park 
region see U, S, Geol. Survey Prof, Paper 120, pp. 111-121, 1918, 
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Generalized section of Phosphoria and associated formations in Dillon-Dell area, Mont. 


Triassic beds: Feet. 
Limestone and sandstone, shaly, generally brownish on 
weathered surface, containing characteristic fossils in- 


CU CERO Гала аа Ша. et ordre зен RETE 350 
Shale, sandy, yellowish brown; weathers readily to light- 
nello ДЫДЫДЫ EE жы ВЯ isle И ЛЕЕ 100 


Phosphoria formation: 
Quartzite, cherty, grading down into bedded chert alter- 
nating wath ода иле layers... cima mmm trm tmn 125-150 
Shales, black, containing shale oil, more or less phosphatic, 
interbedded with thin layers of gray and shaly brown 


ӨРДӨ PRODANE eie rr neis does розовая 50-75 
Quadrant formation: 
Sandstone and impure limestone..............----:----. 75-125 


Quartzitic sandstone, equivalent to middle portion of 
Quadrant quartzite of Yellowstone Park section; esti- 
naro e ci ЕНЕ» 25 Е sS MEN E E 700 
Limestone and sandstone with shaly beds, reddish in 
lower portion and with one or more thin beds of black 


clay shale (nonpetroliferous); estimated thickness...... 200 
Madison limestone (gray massive beds forming rugged escarp- 
ment along principal mountain frontg)................... . 800—1200 


Threeforks formation (sandy and more or less pum o 
locally a graphitic schist where sheared and affected by intru- 
sive rocks). 
Sections and samples.—The oil, nitrogen, and phosphorus contents 
of the individual shale samples are shown in the following pages. 
The detailed measurements of the beds as sampled at the several 
localities are tabulated on pages 85-87. Supplementary notes are 
given herewith. Attention is called to the illustrative sections of the 
Shale in figure 2. 


Locality 1 (samples 524 and 524A): Warm Spring Creek, tributary of Ruby River, 
Sec. 15, T. 9 8., R. 3 W. At this point the Phosphoria beds are exposed along the 
Crest of a small anticline that is cut across by Warm Spring Creek. The oil shale here 
is only 14 feet thick, and none appears in outcrops along the neighboring mountain 
front to the east. 

Locality 2 (sample 517): Centennial Mountains, Idaho-Montana State line, sec. 16, 

-l4 N., В. 42 E., Idaho. The exposures here are at an elevation of about 9,000 feet 
E dip gently southward. The total thickness of the carbonaceous shale is only 
| feet, 

Locality 9 (samples 393-396): Daly spur, Oregon Short Line Railroad, вес. 2 (2), 

9 Б., В. 10 W., about 18 miles southwest of Dillon. Considerable prospecting was 
done here for coal by Marcus Daly 23 years ago. The tunnel, which is still open, cuts 
Across the beds, which strike №. 35° E. and dip 30° NW. The outcrop can readily be 
traced for about half a mile. То the north and south a distance of about a mile are 
igneous rocks. The samples compare favorably with those collected about 6 miles 
to the east, in Smallhorn Canyon. 
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Locality 4 (samples 402-404): Smallhorn Canyon, secs. 14 and 23, T. 9 S., R. 9 W. 
The samples were collected on the property of the Dillon Oil Co., where a retorf 
apparatus has been installed that is said to handle 50 tons of shale a day. Itis planned 
to haul the product in trucks to the railroad. The principal phosphate bed, which 
is 5} feet thick, contains a little oil and, although somewhat shaly, shows on analysis 
19.85 per cent of P,O;. The strike of the beds is approximately М. 15° E. and the 
dip 30°-40° NW. Тһе outcrop extends southward with no faulting to be seen for & 
mile or so but is probably interrupted by a fault a short distance north of the edge 
of sec. 14, The richest shale sample (No. 403), representing a thickness of 54 feet 
from the tunnel in sec. 14, gives on distillation 21 gallons of oil to the ton. A sample 
representing a thickness of 5 feet, from the same tunnel, collected by Bowen, yielded 
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EXPLANATION 


ОП shale; Phosp ate Lean shale, Limestone 
FIGURE 2.—Sections of oil shale and associated phosphate beds in Dillon-Dell area, Mont. 


24 gallons to the ton. А small sample selected to include the richest appearing 
material on the dump gave 30 gallons. 

Locality 5 (samples 391-402): Shallow trench on a hilltop 1 mile south of the 
tunnel mentioned above (locality 4). Неге the shale is weathered, and the results 
are therefore not representative. The beds, which are completely exposed, show 4 
thickness of nearly 50 feet with the principal phosphate bed a little below the middle. 

Locality 6 (samples 405-4054): Dry Canyon, вес. 12, T. 13 S., В. 10 W., about 
3i miles west of Dell station. The beds along the mountain front consist of Triassic 
limestone and sandstone overturned and dipping under the Phosphoria formation 
and Quadrant quartzite, which form the higher part of the mountain. Тһе folding, 
together with more or less faulting, has sheared the black shale so that it is greatly 
slickensided and resembles coal and as a result has been extensively prospected. 
АП the tunnels are caved in, and the samples were collected in a trench recently dug 
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in the location of an oil-shale claim. Тһе rock, although comparatively fresh, can 
hardly be regarded as representative. The richest sample, from 8 feet of shale, gives 
17 gallons to the ton. Хо exoosure of the phosphate rock was found. 

Locality 7 (samples 405-408): Sheep Creek canyon, T. 13 8., В. 10 W. Years 
аро a tunnel was dug here for coal on the north side of the valley and about 1,200 feet 
aboveit. Тһе beds are for the most part well exposed, and the rock is comparatively 
unweathered. The structure is complicated, there being one or more large faults in 
the neighborhood and minor faults that involve the rocks in the tunnel. Тһе beds 
dip steeply northward and may be overturned. The principal phosphate bed is 
exposed at the mouth of the tunnel, but its thickness is exaggerated by shearing. 
The samples were taken in the tunnel. A single hand specimen selected to represent 
the richest portion of sample 406 gave on distillation 26 gallons of oil to the ton. 

Locality 8 (samples 409-411): South Fork of Little Sheep Creek, sec. 4, T. 15 S., 
К. 9 W. The beds dip 18° W. Тһе samples were collected in à shallow prospect 
pit dug for coal. Only the lower portion of the shale is represented. It is improbable 
that the phosphate bed 14 feet thick is the principal one, although no other was dis- 
Covered, owing to poor exposures. The shale is considerably weathered and would no 
doubt give a richer yield if sampled where fresh. 


Sections and yield of samples from Phosphoria formation in Dillon-Dell area, Mont. 


[Chemical analyses by E. Т. Erickson, R. C. Wells, and Benedict Salkover.] 


Nitrogen. 
Phos- "o, 
2 с phorus и 
с. | Sam- | (gal- | pent- SH ATO 
No. "Locality. Character. ps ple | lons | oxide ms Ша" 
ot | No. | per (P209) | "in^ | ammo- 
ton). «рер Shale.| nium 
^ sulphate 
(pounds 
per ton). 
Ft. in. 
1| Warm Spring Creek, | Phosphaterock, black, TOES 524 
sec. 15, T. 9 S., R. 3 oolitic. 
Wir (Oly aden ТД D Ra 5 
Shale, Бас... а... 1 8 | 524A ЕА ЕВ a7, 85 
Shale, s sandy, brown. 
2 | Idaho-Montana State | Cherty shale. ......... 8 0 
line, 4 miles south- | Shale, black, bony....| 4 0 517 35555 eere 2.2, 09 
west of Mount Sau- | Phosphate rock, gray, 8 
telle, sec. 16, T. 14 N., oolitic. 
В.Е ., Idaho. Sandstone and shale. 
3| Daly spur, Oregon | Shale, cherty, phos- 9+ 
Short Line В. R., phatic. 
sec. 2 (?), T. 9 8., В. | Shale, dark brown, 4 8 393 14 3.26 | 0.50 47,1 
10 W.; old “coal” bony. 
prospect tunnel. Phosphate dark, 4 7 елы нн 19. 41 ‚20 18.9 
oolitie, interbedded 
with oolitic shale. š 
Shale, black, bony....| 14 0 395 37 1.72 (Г 72.6 
Shale, brownish gray. с a 
Shale, dark brown,| 10 0 396 13 
bony. 
Lower strata not ex- 
posed. . 


ы Ammonium sulphate determined from fixed gas and does not represent the total nitrogen content of 
e shale. 
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Continued. 
Nitrogen. 
В Theo- 
Oil Т ү 
7 Sam- | (gal- | pent- retical 
No. Locality. Character. Thick- | “pie | lons Eride |. Per | eauivar 
Besse М0; рег | (РзОь) | cent lent in 
| ton). | (per in е 
vent). | shale, sulphate 
(pounds 
per ton). 
Ft. in. 
4 | Smallhorn Canyon,sec. | Roof of bony black 
14, Т.96., R. 9 W.; shale. d 
Dillon Oil Co. prop- | Shale, hard, bony, 5 6; 408 Pall set due . 68 59.3 
erty, old “coal” pros- black. | 
pect tunnel. Argillite, soft, phos- DM 
phatic. | 

Shale, Болу... а... 7 | 

Argillite, soft, phos- И 
рһайс. 

Shale, Боһу-......-.-- T 754 

Phosphate rock, gray, 3| 
oolitic. 

D dark. 7 4 
nosphate т 
oolitic, shaly. 404 17 

Shale, йатК............ ТІ 

Phosphaterock, shaly, 9 
oolitie. 

Shale, black, soft ...... 3-2 

Phosphate rock, gray, 4 
oolitie. 

Shale, dark, with thin 4 2 | 
oolitie bands to floor | 
of mine. 

5| Divide at head of  Quartzitie sandstone | 50+ | 
Smallhorn Canyon, and chert. | 
sec. 23, T. 9 S., R. 9 | Shale, dark, bony in| 10 0 402 | Trace 
W.; prospect trench. lower part. 

Shale, black, with; 5 0 401 4| 19.20 | 0.27 25.4 
three layers of phos- 
phate rock, each 4 
inches thick. 

Shale, black, tough....| 11 0 400 15 1. 68 .58 49.9 

Phosphate rock with 64 6 399 2| 19.85 .19 17.1 

‚ three black shaly 
layers. 

Shale, brownish gray, | 10 0) 398 | Trace. 
phosphatic, 

Shale, brownish gray, 6-0 897 | Ттасе. 
slightly phosphatic. 

Sandstone. | 

6 | Dry Canyon near Dell, | Shale, blaek, top not 1+ 
вес. 12, T. 13 S., R. 10 exposed. 
W.; prospect trench. | Phosphate гос ко TO | 
i oolitic. | 

Shale, black, soft, 8 0) 405 тү 594) .78 68.9 
greatly slickensidod. 

Shale, brownish black.| 10 0 | 405A ӘМІРЕ PETS ‚14 13.2 

Limestone. .........-. 8 

Shale,sandy,brown... 6+ 

—— ——— ЕЕ емер m ae Ран а 
7 | Sheep Creek canyon, | Shale 2+ 
Т. 13 S., В. 10 W., | Phosphaterock, 5 205 
near old coal pros- oolitie. 
pect tunnel. . Shale, black, much PES 
slickensided.e | 

Sandstone,dark 4 BON наған 9.34 .22 20,7 
brown.@ 

Phosphate rock, 4+ | 
black, oolitic. | 
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Sections and yield of samples from Phosphoria formation in Dillon-Dell area, Mont. 


Continued. 
Nitrogen. 
Phos- 
у ) 'Theo- 
Oil |phorus retical 


vale. | Sam- | (gal- | pent- re 

SUA ple | lons | oxide | Рог Ses т 
таға Хо. рег | (РО) | cent ib 

ton). | (per in x 


4 ala | nium 
cent). | shale. sulphate 


(pounds 
per ton). 


No. Locality. Charaeter. 


ы 
tose 
25554 
E 


Section in tunnel at lo- | Phosphate rock 
cality 7. oolitic (tunn el 
mouth). 

Clay shale2........... 

Phosphate rock, 
oolitic. 

Clay, hard, gritty а.... 

Shale, dark brown... 

Clay shale, gray 9.... 

Shale, black 

Phosp 

Shale, К” 

Clay, gray, gritty а... 

Phosphate rock, gray a 

Bhale;Blüok........... 1 

Clay, hard, gritty,¢..) 1 

Palo, black......-... 1 

1 


- 


КОЛУ | ос 24.10 ‚20 18.9 


BRE ысы ы 


406 18 5.58 .68 63.9 


Clay shale, gritty а 
Shale, Мас... 
Phospbaterock.. 
Clay, hard, gritty 
Phosphate rock, 1 
oolitie, black. 
Shale, black... ........ 1 
Clay, brown, gritty....) 2 
Shale, black (back end. 
of tunnel). 


CVA HOMDNOWSDOONOMNOOD wo 


8 | Little Sheep Creek, sec. | Shale, bony, black, | 14 0 409 16 5.57 | 0.68 63.9 
4, T. 15 $., R. 9 W.; with limestone соп- 

prospect pit dug for eretions. , 
соа1. Clay shale, hard, grit- 


у. 

Shale, black, bony..... 

Phosphate rock, gray, 
oolitic. 

Shale, hard, black. .... 

Rocks not exposed... . 

Limestone, not meas- 
ured. 


410 | b 12 |b 10.28 b 66 b 62,2 
AMI Елер 13.7 


6 410 | 6 12 |b 10.28 b 66 b 62.2 


on Fre N 
оо 


а Not included in sample. b Sample 410 included material from two beds. 
TERTIARY FORMATIONS. 


Between the principal mountain ranges are broad valleys with 
rolling topography made up of gently dipping strata of Tertiary age, 
which contain oil shale. These strata are of moderate extent and 
were deposited in the basins which they now occupy. Тһе rocks 
consist of sandy shale, sandstone, impure lignitic coal, brown oil 
Shales, and a considerable amount of shaly to conglomeratic material 
of volcanic origin. At the base is a conglomerate made up of lime- 
stone, shale, sandstone, granite, and quartz pebbles derived from 
the adjacent mountain slopes. 

Figure 3 is a hypothetical cross section of an intermontane basin 
Such as that of Muddy Creek west of Dell, showing the Tertiary beds 
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of the basin and their probable relation to the older rocks of the 
surrounding mountains. 

Тһе Tertiary shale beds occupy narrow, elongated basins between. 
the mountains. The rocks are diverse in character, and individual 
layers can not be traced for any considerable distance. Іп fact, the 
alternating beds of coarse and fine sandstone, sandy shale, and lignite 
are just such as one would expect to be deposited in such basins. 

The principal belt of these lake beds extends from a point near 
Bannack, in Grasshopper Valley, south to Horse Prairie and thence 
up Medicine Lodge Creek, the length of the belt being about 28 miles. 
Although the beds have not been traced continuously for the entire 
distance, coal prospect pits are found at numerous places along the 
belt. Many of these pits reveal either lignite or brown shale, which 
on distillation yields more or less oil. 

The Muddy Creek basin is smaller, being at most only 3 miles 
wide and about 12 miles long. А well drilled for oil near the center 


W. E. 
Paleozoic limestone 
and sandstone 


FIGURE 3.— Geologie cross section of a Tertiary basin and surrounding mountains оѓ Paleozoic rocks. 
g У 


is said to have reached a depth of 1,000 feet without encountering 
hard rocks, and it seems probable that the bottom of the lake beds 
was not reached. Тһе supposed relation of the Tertiary beds of 
Muddy Creek to the underlying older formations is shown by the 
cross section in figure 3. 

The oil shale as exposed in the Muddy Creek basin occurs about 
the middle of the Tertiary beds. This shale is light brown when 
fresh and weathers to a cocoa color or nearly white. In the process 
of weathering the shale breaks up into thin, flexible laminae or flakes 
resembling manila paper. Тһе richer shale is characterized by a 
low specific gravity. lt contains an abundance of vegetable remains 
and some well-preserved leaves, chiefly of Sequoia. This shale, like 
thatfrom thePhosphoria formation, will burn when exposed to a strong 
flame but does not give an odor of petroleum on freshly broken sur- 
faces. On distillation, richer-looking layers as much as 5 feet thick 
yield about 24 gallons of oil to the ton. Thinner beds occur in 
other parts of the section, some of which contain thin streaks of 
ignite. In fact, except for its lighter color, the shale has very much 
the aspect of an ordinary carbonaceous shale, such as is commonly 
associated with coal beds. Many of the samples collected along 
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Medieine Lodge Creek are actually impure lignite, and the richest 
sample collected in the area (yielding 36 gallons of oilto the ton) 
comes from such a bed. 

At most of the collecting localities described in the following table 
the samples were taken in old coal prospects, few of which were 
extended far enough under cover to give unweathered samples. АП 
the samples of lignitie coal, however, may be regarded as fairly repre- 
sentative. No prospecting has been done in the brown shale beds, 
and the samples were taken from weathered outcrops where the shale 
has disintegrated to flexible papery layers. It is believed that the 
same shale well below the surface would prove to be much richer. 
The outerop of the brown oil shale is easily recognized, because these 
beds do not favor the growth of vegetation and as seen from a short 
distance appear whiter than the associated rocks. 


Sections and yield of samples from Tertiary shale in Dillon-Dell area, Mont. 


Nitrogen. 
қ у 
No ты. | come т" 
3 Тора TD iick- КАГА, SE equivalent 
b Locality. Character. САС, Ша n Per |in ammo- 
БАЕ j ton) cent in nium 
р ' | shale. | sulphate 
(pounds 
per ton). 
Ft. in 
9 | Near Grant, sec. 6, Т. 10 | Shale, lignitic, bony.. Дд; 10 412 | 
S, R. 12: W. Sandstone @....... э 2 3 0. 98 92.4 
Shale,lignitic, bony...| 1 10] 412 | 
10 | Swartz Creek, sec. 26, Т. | Shale, sandy. ......... 6 | 
11.5, В. 12 W. Shale, bony, brown. в 413 1 . 74 69.8 
Сізу Shale. 
11 | Medicine Lodge Creek, | Coal, lignitic, bony..... 3 | 414 1l 
sec: 30, T. 11 S., R. 11 Clay. shale, sandy. 40 
W. Coal, bony, Нее 1-9 
19 Key stone Creek, sec. 2, sews 
1.12 S., В. 12 W.; coal 3 | 
prospect. 10 | 415 36 1.02 96.1 
Clay, sandy е 3 8| 
Coal, bony „>з Doak | 
WIA. wie gr bath ТІЗЕ 4 
me Creek, вес. 2, | Shale, sepia-brown; 3 416 11 ‚56 52.8 
"9d. Р 19 уу. weathers to flexible 
about 500 feet north- paper layers. | 
east of coal prospect at | 
locality 12. | 
Keystone Creek, sec. 3, | Coal, lignitie, bony..... 42-24 
519765, 25212 үш coal CLOVE s acts Е е 3 
prospect near locality | Coal, lignitic, bony..... 6 
12. СЛАУ ОЕ... б 417 4 . 41 38.6 
Coal, shaly. . Ре | 
С ‘lay CBS IM a 1 | 
Coal, shaly.. 2 8 
Clay. 
18 | Muddy Creek basin, T. | Sandstone. р 
13 S., В. 10 W. (unsur- | Shale, brown and 10 418 0 
veyed, probably sec. black, with thin clay 
17); outerop sampled. bands. | 
Bedsnot wellexposed.| 60 
Shale, brown.......... 3 4 419 4 .13 12.6 
Shale, sepia-brown.... 2 1 420 24 .20 18,2 
Clay 5Й816..,-....-.... Г site| 
Shale, black..... 8 | 
Shale, sandy a. 2 | 
Shale, black. 8 | 421 4 "5D 32.9 
Shale, brown an 8 4| 
Shale, nad A PA ride: 5 | 


а Not included in БЕЗЕУ 
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RESULTS OF DISTILLATION TESTS. 


The following table includes the results of all the distillation 
tests on dark shales and carbonaceous materials from the State of 
Montana. Among the 19 samples of material from the Phosphoria 
formation the greatest oil yield (24 gallons to the ton) came from a 
bed 5 feet 6 inches thick near the plant of the Dillon Oil Co. The 
average of all the samples from this formation was only about 10 
gallons to the ton. Tertiary material from one locality (sample 
415) gave 36 gallons of oil and showed more than 1 per cent of nitro- 
gen. None af the material from the Upper Cretaceous, the Quadrant, 
or the Threeforks formation yielded sufficient oil to be of interest, 
although one sample of shale of the Quadrant formation gave 19 
gallons of oil to the ton. 


Results of distillation of shale and coal samples from Montana, 


Locality. Theoreti- 
cal 
mE equiva- 
Sam- Thick. | vor | Ni- | Tent of 
ре Material. қ Bese. rou ыр а fee ee 
T b. Range. sampled, ar shale. | monium 
1 $ sulphate 
per ton of 
shale. 
| 11 Ft. т. |Gallons.| Per ct. | Pounds. 
204 | Shale, ле formation........ or 95, | 9 W. 5 6 p) ien ctus 212. 019 
12 
205: БаЛе ерау а ana a 12?| 13?5. | 112У/. 3 8 
206 Ed Phosphoria formation. .......|.....-- 1378. | 10?W. 80 9 
98 3 W. 1-8 8 
8 ҮҮ, 115-20 1 
8 W. 6 15 
8 W. 25 2 
8 ү. 25 2 
8 W. 3+ Trace. 
2E. 2 4 
ӘУ.» И кыы». 2 
+2 E. 5-6 4 
Алан ги тачке 7 
Ds Eo Э ВОКЕР 19 
1E. 8 
0 
0 
0 
do. 0 
8 Shale, Threeforks formation. 0 
388 | Coal, Threeforks formation .. . 10 
389 Shale, Threeforks formation. ......------- 2N 2. E. 3 0 
QUOTE res do. aie saa ИЕ йөге 7 xj ЕСИ 2N 6 E. 2 6 1 
ЗО PIN: рды аа e жа Fins шаты. 2N 6 E. 10 2 
892 | Соа1 апа shale, Өт0і868018..-.2..ь...|.-..--|.-------|-4-2-... 10+ 2 
393 | Shale, Phosphoria formation Й 98. | 10 W. 4 8 
894 ..... Deus ois 9 TE 2? 95. | 10 W. 4 T 
895 |..... 98. | 10 W. 14 
QUOS Seres оре жура 98. | 10 W. 10 
BO sete. ОА СЕЕ 95.1 9 'W. 6 
ЗО не (Шу 98.| 9 'W. 10 
899 9 жены 98. 9 ү. 5 6 
400 |22 dO... ee 98.| 9 W. 1l 
Ж... Чень 95. 9 W. 5 
АР; "vts dois. 98. 9 үү. 10 
408 |..... do.. 95. 9 W. (25710 21 .63 59.3 
үт ЕЕЕ do. 98.|. 9 W. 12 7 Шара а | ЕЕ 
405 |....- do. 13 S. | 10 W. 8 17 449 68.9 
405A |..... do. 188. | 10 W. 10 2 .14 13.2 
406 |--.-- ИА tae Oh И ДЕ саз 135. | 10 W. 1 9 13 .68 63.9 
AU хас» арыса D оО ИИ 138. | 10 W. OFS СОКЕН .20 18.9 
408 |..... (д E acte icc қ 18 Б. | 10 W. Od], eu ce ‚22 20.7 


а Ammonium sulphate determined from this gas does not represent complete conversion of all nitrogen 
in this shale into ammonium sulphate. 
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Results of distillation of shale and coal samples from Montana—Continued. 


Locality. К Theoreti- 
Е ee eal 
` equiva- 
Sam. Thick- 2 Ni- lent of 
ple Material. ness | oil per ш E m 
0. бес- | Town- sampled.| ton of | . кты ER 
: Jas Range. ja shale. | monium 
tion. | ship. shale. sulphate 
per ton of 
shale. 
Ft. in. Gallons.| 1 . | Pounds. 
4 155 9 W. 14 16 3 3.9 
4 158 9 үү. (077549 12 
4 158 9 Үү, ОЗ 
6 105. | 12 W. HAS 3 
26 116. | 12 W. es 1 
30 ив. им Б] 1 
2 128.| 12W 8 2 36 
2 128. | 12 W. 8 ІШ! 
8 128. | 12 W О 4 
17. 188. | 10'W 10 0 
17 138. | 10 W 3 4 4 
17 188. | 10 W. DU 24 
| 136. | ЛУ а 4 


DEVELOPMENTS. 


The one serious attempt to commercialize the oil shales of Montana 
Was made by the Dillon Oil Co., which early in 1919 installed a small 
Plant (capacity 50 tons daily) in Smallhorn Canyon, 12 miles south of 
Dillon. This retort, which is of the Galloupe type, was used for test 
Tuns during the summer of 1919 but has since been idle practically all 
the time. 

NEVADA. 
GENERAL GEOLOGY AND GEOGRAPHY, 


The oil shales of northeastern Nevada have been studied in consider- 
able detail by J. P. Buwalda, from whose unpublished report the fol- 
Қы: data are taken: 

Throughout eastern Nevada the geologic formations сап conven- 
lently be grouped into two series—a younger ageregate of Tertiary 
lavas, tuffs, lake beds, and terrestrial strata (including the rich oil 
Shales of Elko) and an older group consisting of pre-Cretaceous sedi- 
mentary formations, principally marine, which have been extensively 
invaded in some areas by igneous rocks. Between these two series 
there is a marked unconformity. Most of the valleys and depressions 
of the Elko region are occupied by younger rocks; the mountain 
Tanges are commonly made up of the more resistant Paleozoic sedi- 
mentary strata and the relatively resistant lavas that unconformably 
Overlie them. The oil shales of northeastern Nevada occur in the 
lower part of the Tertiary section and have been tentatively correlated 
With the Eocene Green River formation of southwestern Wyoming, 
Northeastern Utah, and northwestern Colorado.'4* 


Ma Since the above paragraph was written Mr. Buwalda has discovered mammalian remains in beds 
Northwest of Elko which are apparently the equivalent of the oil shales at Elko. Тһе fossils represent 
Middle or upper Miocene time and probably indicate that the strata at Elko are of Miocene age. 
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In the territory surrounding Elko (see Pl. XIV) the Green River (?) 
formation occupies an elongate area parallel to Humboldt River 
along its southeast side. The exposures extend from the edge of the 
river flood plain practically to the summit portions of the Elko 
Range, and at one or two localities, as where the main Lamoille road 
crosses the range, the beds extend an undetermined distance beyond 
the crest. То the southwest the strata disappear under Quaternary 
deposits not far beyond the southwest corner of the township in which 
Elko is situated. To the northeast the beds extend along the river 
plain to about the north line of the township, but to the east they fill 
Burner Basin and reach across the summit of the Elko Range and 
northward along its east side for a short distance. As shown on 
Plate XIV, the area of these beds is interrupted by outcrops of older 
rocks that have been in part brought up by faulting and by out- 
crops of younger rocks that overlie the Green River (?) formation. 
In the tract southeast of Elko the total area of the Green River (7) 
exposures is probably 30 to 35 square miles, 

STRATIGRAPHY, 

The Green River (?) formation in the Elko region consists predom- 
inantly of light-colored shales and sandstones. Conglomerate, lime- 
stone, chert, rhyolite, tuff, and bituminous and lignitic shales are inter- 
bedded with the sandstone and shale members, and rhyolite intrudes 
the strata. Shales are perhaps somewhat more abundant in the lower 
half of the formation, and conglomerate and coarse tuff beds make 
up amore notable fraction of the upper part near the Lamoille road. 

On the whole the rocks are rather soft, but the different members 
vary considerably. The tuffaceous beds are fairly resistant, and their 
outcrops commonly form low bluffs, whereas the sandstones and shales 
weather down readily, and their outcrops between the bluffs are 
almost invariably mantled with soil. It is hence difficult to find a 
satisfactory section of the formation. 

The shales, which probably form a larger part of the formation 
than rock of any other type, are in part clean clay shales but are 
mainly sandy. They usually lack sharp and distinct lamination and 
are generally interbedded with thin layers of muddy sandstone. In 
color they are commonly light gray, bluish gray, or brown. Certain 
hard thinly laminated shales commonly associated with the tuffaceous 
strata and probably consisting mainly of water-deposited ash are a 
brilliant white, with fracture surfaces of the plates colored reddish. 
Some facies of the shales are marly; others are siliceous. Very thinly 
Jaminated or paper shales are common at certain horizons, as are 
also soft brown shales whose relatively dark color and greasy appear- 
ance seem to be due to included organic matter. Тһе shale members 
range from a few feet to a few tens of feet in thickness. 
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Тһе sandstones, like the shales, are soft and generally not sharply 
bedded, are commonly muddy, and in color are darker than the 
shales, ranging through light shades of gray, blue, yellow, and brown. 
In some of the sandstone strata pebbles are abundant. Тһе sand 


grains are almost entirely quartz, but clean quartz sand, devoid of 


mud, is uncommon Тһе sandstones usually occur as strata a few 
feet in thickness, rarely more than 20 or 30 feet. 

The conglomerate іп the Green River (7 formation near Elko has 
rather unusual characteristics when compared with conglomerates of 
other Tertiary formations of the Great Basin. Тһе pebbles range 
from very small ones up to some the size of marbles or large peas, 
but cobbles are lacking. Almost without exception the pebbles con- 
sist of quartz, quartzite, or jasper. The quartzite pebbles are usually 
black or translucent, bearing black spots or a black surface film. 
The jasper fragments are commonly green. The pebbles are polished, 
but most of them still exhibit flattish remnants of fracture surfaces; . 
they are not perfectly rounded. The matrix of the conglomerate 
is usually white or yellow quartz sand, but in places it is muddy 
material. Locally, as in the quarry about 24 miles due south of 
Elko, the rock is hard enough to be used for building. Тһе conglom- 
erate beds in the lower part of the section are generally not more 
than a few feet in thickness, but the beds at the higher horizons, as 
near the main Lamoille road, attain thicknesses of 15 to 25 feet and 
are in some places much coarser. 

Limestone of varying degrees of purity occurs at numerous horizons, 
usually in beds not over 6 or 8 feet thick. The beds are gray or yellow, 
are not laminated, and in places are fissile, and locally they have 
rather irregular lower and upper surfaces. They are generally im- 
pure, ranging from sandy or muddy limestone to calcareous sandstone 
and marl. 

Rhyolitic tuffs, which give rise to low bluffs because of their superior 
resistance to erosion, occur in the section with a certain degree of 
regularity. They commonly but not invariably overlie the oil-shale 
zones, which in several places are exposed in bluffs capped by the 
tuff. The ashy strata are of a brilliant white color and very hard. 
At some localities they are distinctly stratified as beds of clean ash a 
few inches to a foot or two in thickness. 

Lignite beds occur at several horizons in the Green River (0 
formation. The lignite is a light-brown loosely bound material 
which can usually be crushed in the hands. It has the appearance 
of slightly compressed plant remains and is still markedly laminated. 
The lignite beds are as a rule not more than a few inches thick. 
Adjacent shales are in places darkened with organic matter for con- 
siderable thicknesses. Numerous drifts have been sunk on these 
Strata as well as on the oil shales during the last 50 years, some by 
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the Central Pacific Railway Co. in the early days, others by private 
individuals, in the hope of obtaining a good fuel for locomotive and 
domestic use in this intermountain country, but all without success. 

'The relation of the Green River (?) formation to the older rocks 1s 
well shown along the east side of Hot Spring Ridge, south of Elko, 
where the strata lie on an eroded surface of the Weber (?) quartzite, 
here largely conglomerate. The older-formation strikes obliquely 
across the ridge, but the edges of the upturned and eroded Tertiary 
beds are in general parallel to the ridge. The quartz pebbles in the 
Green River (7 conglomerate were probably derived almost entirely 
from the Weber (?) conglomerate. 

lt is probable that at least a large part of the Green River (% 
formation at Elko was deposited in a fresh-water lake, as is indicated 
by the distinct lamination of many of the shale and ash members 
апа some of the sandstones and conglomerates. ‘The alternation of. 
offshore and beach deposits suggests frequent changes in the position 
of the shore lines of the water body, or changes in the surrounding 
topography. These changes may have resulted from local earth 
movements or from changes in the level of the lake. The Elko area 
seems to have been in the marginal zone of the lake basin or in the 
midst of islands. 

Although gypsum is found sparingly in some of the strata and lime- 
stone is not uncommon, there appears to be no reason for believing 
that the lake was commonly brackish or highly saline. Character- 
istic arid-climate deposits, such as playa lake beds or angular fan- 
glomerates, were not recognized in the section. Leaves, lignite, and 
petrified logs attest abundant vegetable growth at times and, with 
the lake deposits, indicate a climate at least fairly humid. 


STRUCTURE. 


The Green River (?) formation has been deformed to a moderate 
degree. In the main area the strata dip east almost throughout the 
section and strike approximately north. At their base on the east 
flank of Hot Spring Ridge they dip away from the older strata at an 
average angle of 30°. Between this ridge and the Catlin shale-oil 
plant the dip flattens and at one locality is west, but at the plant the 
beds dip east again at an angle of about 20°. From this point eastward 
for about 3 miles to the north-south ridge of Weber (?) conglomerate 
lying west of Burner Basin the dip continues to be east, with certain 
local and minor exceptions. The angle of dip varies rather irregu- 
larly both across and along the strike, and it is clear that the forma- 
tior was considerably warped and faulted as well as tilted. The 
general dip is eastward for the whole 34 miles and ranges in general 
from a few degrees to 70°; at exceptional localities the strata stand 
vertical. The Green River (7 strata in most places dip away from 
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9uterops of Weber (?) conglomerate at considerable angles where the 
Contact is depositional. 

The degree to which faulting has affected the Green River (7) 
Strata in the main area is a rather important question, because it 
affects the determination of the thickness of the formation, and if 
the faults can be definitely proved, certain underground limits for 
the oil-shale beds would be indicated. That faulting has occurred is 
Certain, but to determine its extent is difficult. Hot Spring Ridge 
Was created by a north-south fault along its western base by which 
à block of Weber (?) conglomerate with the overlying Green River (2) 
beds was tilted eastward. Unfortunately the strata on the down- 
thrown block are not well exposed. A similar north-south fault 


. limits in part the eastern extension of the main area of Green River (2) 
p 


Strata and separates the strata from the Weber (?) conglomerate 
of the narrow north-south ridge that lies about 3 miles southeast of 
Elko. The western slope of this ridge is steep, and the Green River ( ?) 
Strata along its base lie approximately horizontal at some points 
and dip at low angle toward the older rocks at others. Both this 
fault and the Hot Spring Ridge fault appear to be of normal type, ' 
although conclusive evidence on this point was not noted. 

After working over the area carefully Mr. Buwalda concludes 
that the strata are in essentially normal sequence, with the older beds 
exposed on the west and the younger beds on the east, and that they 
are not cut by parallel strike faults into several blocks, each tilted 
eastward, as was thought after preliminary studies. Although it is 
believed that strike faulting on the widespread scale suggested has 
not affected the area, evidence of a certain amount of faulting, both 
parallel to and across the strike, was observed. 

A hasty view of the area suggests that the detailed structure of the 
Green River (?) formation should be easily and clearly discernible, 
but a thin mantle of soil covers most of the rock surface between the 
prominent ridges, and outcrops for determining the attitude, nature, 
thickness, and succession of strata are lacking over considerable 
areas. The hills and ridges are very regular in alinement, trending 
north and south, and represent the outcropping edges of resistant 
eastward-dipping strata. These ridges are spaced on an average 
one-fourth to one-third mile apart, and many of them persist for 2 
or3 miles. "Their western face is usually steep, and the eastern face 
long and gentle. The best outcrops of oil shale occur in the steep west 
faces of these ridges, although all the faces do not show oil shale. 
The back slopes of the ridges and the interridge areas are somewhat 
darker in color than the steep western faces, owing to the more 
somber shades of the shales, sandstones, and conglomerates that 
underlie them, and also because these rocks are more weathered than 
the materials in the recently exposed western faces. 
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In the southeastern part of the SE. 1 sec. 22, Т. 34 N., В. 55 Е., a 
fault of probably normal type but unknown displacement is shown 
іп the walls at the west end of a trench. Тһе fault plane dips 40? 
W. and strikes N. 20? E. Тһе strata, which are conglomeratic at 
this point, dip 15? E. Several hundred feet to the north of this 
locality, along the west slope of а prominent white ridge, slickensides 
are common and fraeturing has probably oecurred. 

Between these two localities and at the south end of the white 
ridge a cross fault is shown. Its displacement was not precisely 
determined because of lack of good exposures to the west, but its 
strike is approximately N. 60? E. Evidence of similar fracturing 
was noted at a number of localities, and the formation is doubtless 
traversed to some extent by undiscovered strike, dip, and oblique 
faults, the recognition of which is rendered difficult through the 
general similarity of the strata and the common mantle of soil. In 
general the strata dip moderately in one direction throughout the 
section. | 

In Burner Basin the Green River (7 beds do not continue the 

constant eastward dip which they have in the main area but slope 
in various directions, especially in the exposures about the rim of the 
basin. They have been somewhat folded and apparently disturbed 
considerably by faulting, a condition most noticeable in the northern 
partof the basin. In the central and eastern parts low easterly dips 
predominate. 

Because a fault, with upthrow on the east, passes between: the beds 
in the main area and those in Burner Basin, it is not definitely known 
what portion, if any, of the formation exposed in the main area is 
represented by the strata in Burner Basin, but as the strata in some 
parts of the basin appear to lie on the Weber (?) conglomerate it is 
thought probable that they represent the lower portion of the section 
in the main area. 

RESULTS OF DISTILLATION TESTS. 

The Elko oil shales yield from a few gallons to 86.8 gallons or more of 
oil to the short ton, according to tests made by the Geological Survey. 
Shale yielding more than 70 gallons does not occur in large quantity, 
however, being found usually in beds less than 1 foot thick between 
strata yielding considerably less oil. 

Five samples tested from different localities in the Elko field, 
excluding Burner Basin, representing total thicknesses of beds of 2 
feet, 2 feet 3 inches, 2 feet 4 inches, 6 feet 1 inch, and 6 feet 3 inches, 
yielded by dry distillation, respectively, 62, 60, 50, 50, and 70 gallons 
of shale oil to the short ton. Representative samples from two beds 
in Burner Basin at different localities, 6 feet and 10 feet thick, yielded, 
respectively, 11 and 13 gallons to the short ton. 

The following table gives results of tests of oil-shale samples col- 
lected in the Elko district: 
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Results of distillation of samples of oil shale collected in the Elko field, Nev. 
[Tested by Dean E. Winchester.] 


Location. ei Crude oil 
Sam- тыш. | Зав obtained. 
ple е Ж» hiek- : istilla- 
pie 5 Sampled by ness, | ЧАШ [tion with: 
A ou 
See. T R. Чоп, | steam, 
Cubic 
centi- 
Ft. in. | Ounces, | meters. 
34 N. Bod ала итде ИКЕ ЗЕЯ ВЕ БАВЕ УЕ. о eem ned cue 
34 N. DDO FT Waly AY. Meere cse seat | ЧЕРНОЕ 6 62 
34 N. DOSES Во ENVIO IOSUDI eS rts ede eng 222 10 8% 13 
34 N. DOSE T ed eee PBL VLC A еее очень 6 8: 11 
34 №. ӘБЕН», А с Ж ЕКЕТ ЗЕ A, 400% 4 35 
BANE "ФБ ОНИ зат (tope er ae d ett mere ык ы б^] 41 25 
BENG. Jta bt Be bark а атса 2 3 4 80 
34N.| 6551. (..... ом а ен а 2 4l 31 
Gravity of oil at Yield of 
Sam Yield of 00% F, Yield of ammoni- 
o оп per gas per um sul- D "s 
Re short ton short ton [phate per Remarks, 
of shale. | Specific | Baume. | ofshale. short ton. 
gravity. e of shale. 
| к 
Cubic 
Gallons. s feet Pounds. 
132 50, 0 8 Е Ms 4.5 | Catlin incline. 
6 86.8 6.0 | Exact locality not positively known, 
480 13.0 Burner Basin, 
481 11.0 Do. 
482 70.0 At portal of Catlin incline. 
483 50.0 -| Norton incline 10 feet from portal. 
484 60.0 |.. 
485 62.0 


Тһе beds considered most promising because of their thickness (2 
feet or more) and obvious richness (50 gallons to the ton of shale) 
form, however, only a fraction of the oil shale present in the district. 
The remainder is either much leaner shale or, if rich, oceurs in beds 
too thin and too far separated stratigraphically to make its mining 
economically feasible. Тһе charaeter and thickness of the shales will 
be discussed in detail for the different zones of outcrop in a succeeding 
Section. 

The quantity of oil yielded by the shales of the Elko region is on 
the whole not very different from that of the Green River oil shales 
in Utah, Wyoming, and Colorado. The thickness of both rich and 
lean shales in this region is much smaller than in eastern Utah or 
Colorado. It is estimated that there are in the region about 7,219,000 
Short tons of shale which will yield more than 15 gallons of oil to the 
ton when distilled. The specific gravity of one sample of this shale 
Yielding 86.8 gallons of oil to the ton of shale was 1.46. This is 
unusually rich shale, and it is probable that the specific gravity of 
the shales yielding about 60 gallons is approximately 1.65. The 
Shale testing 86.8 gallons of oil to the ton showed an ash content of 

2.29 per cent. 
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ZONES OF OUTCROP. 


The oil shales occur in zones of outcrop that Пе at successive 
horizons and range in thickness from a few feet to about 60 feet. In 
each zone the beds of oil shale vary greatly in thickness, richness, 
and other physical features, and by far the greater number of the 
beds are too thin or too lean to mine. The oil-shale members are 
interstratified with shale, sandstone, and ash beds, and the total 
thickness of the nonbituminous and very slightly bituminous beds 
in any zone commonly exceeds that of the oil shales. 

The greatest thickness of good oil shale in a single bed in the Elko 
field is slightly more than 6 feet. This thickness was observed at two 
localities—at the Catlin incline, 1n sec. 27, Т. 34 N., В. 55 E., and at 
the old Norton incline, in sec. 23, about 1,500 feet northeast of the 
southwest corner of the section. The other beds of rich oil shale are 
less than 3 feet in thickness, usually only 1 to 2 feet, and nearly every- 
where the thin beds of rich shale are separated by too great a thick- 
ness of barren shale to make it feasible to attempt mining two or 
more of them together. Ав observations on the oil shales are practi- 
cally limited to artificial exposures, it is possible that beds as prom- 
ising as those mentioned remain undiscovered, but the extensive 
prospecting in the field renders this somewhat unlikely. 

So far as the data permit generalization, it appears that the detailed 
stratigraphy in each zone changes rather rapidly from point to point, 
ав openings а few hundred feet apart on such zones as those on which 
the Catlin incline and the Norton incline were sunk show quite 
different detailed sections of oil-shale strata. The lack of persistence 
in the Elko oil shales is, however, not surprising in view of the near- 
shore and probably highly changeable conditions under which they 
were deposited. 

Zone A.—The lowest stratigraphically of the oil-shale zones of the 
Elko region, here called zone A, lies mainly in the northwestern part 
of the ХЕ, 2 sec. 27 but extends a short distance into sec. 22, Т. 34 N., 
R. 55 E. The outcrop of this zone has a length of about 1,600 feet 
and terminates abruptly at each end. From the available evidence 
it is thought to be cut off by cross faulting at the south end and 
by a rhyolite intrusion at the north end. About 75 feet of beds are 
exposed in a westward-facing ridge. The richest beds have been un- 
covered at the portal of the incline that has been driven along the 
thicker of the beds to a depth of more than 300 feet by the Catlin 
Shale Products Co. Here the principal bed is 6 feet 3 inches thick, 
and a second bed above contains 3 feet 8 inches of good shale in the 
5 feet 5 inches of strata. Tests of the shale of the Catlin incline gave 
50, 70, and 86 gallons of oil to the ton, the yield depending on the 
thickness and condition of the beds sampled. It was not possible to 
measure detailed sections of the shale beds either to the north or to 
the south of the Catlin works, but it is quite certain that to the north, 
at least, the section changes considerably in its details and that the 


| 
| 
| 


NEVADA. 99 


most promising beds of the Catlin section do not persist even to the 
north end of the zone outcrop. At the mouth of the incline the shale 
beds dip strongly to the east, but the dip decreases rather rapidly 
down the incline. 

Zone B.—The shales of zone B have been exposed in a number of 
prospect trenches and in one shaft along the west face of a low north- 
South ridge that extends northward for about half а mile from а 
point near the southeast corner of sec. 22, Т. 34 N., К. 55 E. А fault 
cuts the outcrop of the zone about midway of its length, and the 
beds are everywhere so highly contorted and fractured that even if 
thick, rich shales existed here they would in all probability be of very 
little value. North of this fault several beds of rich shale are exposed 
in one small area, but they are too thin to be of interest. 

Zone Q.—The evidences of oil shale in zone C extend y a little 
more than a mile through the W. 4 sec. 23 and the W. + sec. 25. 
North of the fault and fracture zone E cuts the outcrop near the 
north line of sec. 26 the rock series includes several rich shales, but 
south of the faults the shales are of decidedly inferior quality. At 
the mouth of the Norton incline, near the middle of the SW. 1 sec. 
23, there are several beds of oil shale, but except for the three at the 
bottom of the section the beds are too thin to be of value, as 15 shown 
in the following section: 


Section of beds at ће mouth of the Norton incline, near the middle of sec. 23, T. 34 N., 
R. 55 W., Nev. 


Iis in. 
MIPHACOGUIS БӨПЕ, етот» DIN а ао ak E 50 
Tuffaceous beds, white, yielding small sharp fragments. ...... 15 
Siiaileesiltaeouspplabyetale yq S N S 23 0E WN лы 6 
Ql. shelexbzosar, chingbeddedia war оаа ath Shae meds leo 
Shale white Dar ОЗ СЕ а ее a а они мое 8 
Oil shale, тоа Шш 5576 lr (eto e ЕЕС T 
Suet ЕНЕСІ ЛЫН ЗО Ее VUA MATRE 1. ^4 
Oil shale, brown, thin һөейдей..2...................2....... 7 
Бек В о CL Lahr tds ae (6 
Oul shalo PRON e RP OHNE а А 2 
Siliceous beds, hard, each about 3inchesthick.............. 1 5 
СБЫТ t Um oS S сасыса за а ENDE e 2 
Qil shale, brown, рарегу..........-.....--------.-------.. 2 
Shale kw. азба ЫЫ ыны c MUNI. ue eet 3 
Gill opel ume oc ccu sss Cres 220554 c D 4 
Shale, white, soft; bakes hard on surface. .-................. 15 
Өнер Bandi oon 109 Шы ade ries. idi ec оО 5 
Oil shale, black.. LESE. ВНЕ 
Shale, white, with i scs $i uc “then едва“ қаты some 
bituminous matter; forms roof of incline................... 9 
Oil shale, dark brown She Аы ТЕЛО БАЗАНЫ. 8 
Shale, white with tinge of Втотт...-.........-.-.---........- 2 11 
Oil shale, black, hard, massive rich üt 12 
О enale тома, -ga e (sample 483; 50 gallons); 1 8 
Oil shale, black, hard, massive, dull TS 
Shale, somewhat carbonaceous, оау......................... 194710 
125 79 
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The beds at the mouth of the Norton incline dip eastward at an 
angle of about 30?, but toward the east they flatten within a short 
distance. | 

Zone D.—The outcrop of zone D is by far the most extensive in the 
Elko field, being traceable for а distance of nearly 2 miles from a 
point near the south line of sec. 26 in a general northward direction 
nearly across sec. 23. It passes nearly through the center of each 
section and, like the outcrop of zone C, is cut into three parts by cross 
faults. Good exposures are provided in recently opened prospect 
trenches at several places, especially in the southern part of the zone: 
In an incline near the quarter corner between secs. 23 and 26 there are 
two beds of rich shale 2 feet and 15 inches thick, respectively, sepa- 
rated by 2 feet of lean or barren shale. А short distance to the south 
of this incline there are three beds—two 1 foot thick each and 50 
feet below them a third bed 18 inches thick. Still farther south 
another trench exposes nearly 90 feet of beds in which there are eight 
thin oil-shale beds, of which the thickest measures 2 feet 3inches. А 
sample of this bed gave 62 gallons of oil to the ton on distillation, 
but its thickness is not sufficient to make it attractive. 

The beds along the outcrop of zone D dip generally to the east, 
although in some places they are nearly horizontal. 

Zone E.—Thin but rather rich beds of shale are exposed near the 
center of the SE. 1 sec. 23, but their outcrop can not be traced south- 
ward unless the slightly bituminous beds in the NE. + sec. 26 are to 
be considered at approximately the same horizon, but these beds are so 
unlike the beds to the north that this correlation does not seem prob- 
able. In neither of the exposures are there oil shales sufficiently rich 
or thick to be of interest. 

Zone F.—About 700 feet west of the fault that marks the limit of 
the oitshale beds of the Elko basin proper, 1,100 feet south and 500 
feet east from the northwest corner of sec. 19, T. 34 N., R. 56 Е., a 
prospect was opened in the autumn of 1918 under the direction of 
D. T. Day. Тһе shale, which occurs as a bed 14 inches thick dipping 
very slightly toward the fault, was to be used in the retorts of the 
Scottish type being erected about a mile to the northwest by the 
Southern Pacifie Co. under the supervision of the United States 
Bureau of Mines. The shale is apparently of good quality, but the 
bed is thin and probably has but very little extent either along its 
outcrop or eastward back from its outcrop, being cut off on the east 
by the fault mentioned above. 

Burner Basin.—Separated from the main area of Elko oil shales, 
in what is known as Burner Basin, is an area of shale beds which some- 
what resemble the shales of the main area but are not nearly so rich. 
Numerous prospect pits and shafts have exposed beds of shale that 
show on tests as much as 13 gallons of oil to the ton. The two samples 
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noted in the accompanying table (p. 97) represent thicknesses of 6 
and 10 feet, but the shale is too lean to be attractive. 


DEVELOPMENTS. 


The shales of the Elko region have received their share of attention 
at the hands of those interested in the development of an oil-shale 
industry, and even in the seventies, before the true character of oil 
shales was recognized, attempts were made to utilize the darker of, 
the shales as coal for the railroad. Thirty years ago R. M. Catlin 
acquired a tract of shale land which he still holds, and since that 
time he has devoted considerable time and money in attempting to 
solve the problem of extracting the valuable constituents of the oil 
shales. After years of laboratory investigations, both at Franklin, 
№. J., and at Elko, the Catlin Shale Products Co., of which Mr. 
Catlin is the controlling member, began in the summer of 1916 the 
installation of the first large-scale shale retort south of Elko, and 
in 1918, even before the first plant had been given a thorough test, 
began to assemble the material for a second plant of entirely different 
design. The retorts of the first plant consisted of four inclined tubes 
through which the shale was driven upward by auger-like propellers, 
one in each tube. The tubes were heated from without, and the oil 
vapors were drawn off at the lower end of the retort. A considerable 
amount of oil was manufactured in this plant, but its operation was 
not entirely satisfactory, and it was therefore dismantled. The 
second retort, working on a different principle, was completed in 1919 
and has since that time been given a rather complete trial. Up to 
January 1, 1920, it is reported to have produced about 15,000 gallons 
of shale oil, but Mr. Catlin did not yet regard his plant, though of 
commercial size, as beyond the experimental stage. (See Pl. XV.) 

In the summer of 1918 the Southern Pacific Co. began the erection, 
under the supervision of the United States Bureau of Mines, of an 
18-ton plant modeled after the type most used in Scotland. The 
plant consists of a battery of four vertical tubes, each about 30 feet 
tall, into the top of which the fresh shale is fed continuously; the 
spent shale is removed from the bottom. Heat is applied exter- 
nally in such a way that the temperature of the shale is gradually in- 
creased as the shale passes downward in the retort. The plant was 
completed in 1919, and several test runs were made before cold 
weather set in, but the plant was then shut down, largely because 
of the lack of shale upon which to operate. 

In regard to the future possibilities of the Elko region, Mr. Buwalda 
makes the following statement: 

The writer’s conclusion, after a survey of the deposits, is that the possibilities of 


Supporting an oil-shale industry in the Elko field are very slight. Although oil shale 
crops out at many points, only two beds of sufficient thickness to justify mining were 
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found. These are in secs. 27 and 23, both of which are controlled by the Catlin Shale 
Products Co. These seams probably contain sufficient oil shale to support a fair- 
sized plant for a considerable number of years, but it should be recognized that, rel- 
atively speaking, they contain a very small amount of shale as compared to the much 
thicker seams underlying hundreds of square miles in the Uinta Basin, in Utah and 
northwestern Colorado. 
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UTAH, 


GENERAL FEATURES, 


In Utah carbonaceous materials from geologic formations ranging 
in age from ‘Mississippian to Eocene (Green River) have been ex- 
amined, but the only shales that are sufficiently rich and extensive 
to be of economic interest as a source of oil are those occurring in 
the Green River formation in the Uinta Basin, in the northeastern 
part of the State. 

In general the shales of this region are richest, and thickest near 
the east line of the State, but rich beds of oil shale have been traced 
almost continuously along the southern rim of the basin to Soldier 
Summit. Any estimate of the amount of shale present in the basin 
must be based upon arbitrary assumptions as to the northern limit 
of the shales and the value of the shale beds beneath a cover of 
more recent rocks. It is estimated that the basin contains at least 
92,159,000,000 tons of shale which will yield as much as 15 gallons 
of oil to the ton when distilled. In commercial practice 16 may be 
possible to recover 60 per cent of this tonnage, although, because of 
the several unknown factors involved, it may be safer to suggest 
that perhaps 40 per cent may be recovered. 


GEOGRAPHY, 


The Uinta Basin, which contains practically all the valuable oil 
shale of Utah, is a topographic as well as a structural basin, bounded 
on the north by the Uinta Mountain uplift, on the south by the 
southward-facing Roan Cliffs, on the west by the Wasatch Mountains, 
and on. the east by the Rangely dome and related structural features 
in northwestern Colorado. The oil shales of the Green River forma- 
tion are exposed along the south side of the basin but are covered 
by younger rocks along the north side. The map (Pl. XVI, in 
pocket) shows only an area 40 miles wide and 125 miles long on the 
south side of the Uinta Basin where it was possible to study the 
shales. 

The area examined is one of extensive northward-sloping plateaus 
cut by many vertical-walled canyons. (See structure section on 
Pl. XVI.) The Roan Cliffs, along the southern margin of the basin, 
south of the outcrop of the oil shale, attain at many places altitudes 
of more than 9,000 feet above sea level, whereas the valley of Green 
River, which crosses the area from north to south, is less than 5,000 
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feet above sea level, the maximum topographic relief of the basin 
thus being at least 4,000 feet. Green River, which rises far to the 
north in Wyoming, flows southward, crossing the area examined 
&bout 45 miles west of the east line of the State, and is joined near 
Ouray by White and Duchesne rivers. East of Green River the 
Streams draining the area north of the Roan Cliffs flow northward, 
joining either White River or Green River; west of Green River 
most of the canyons lead directly to Green River in a general easterly 
direction. Willow, Hill, Bitter, and Evacuation creeks occupy 
narrow canyons in Uinta County east of Green River, and each 
contains water along its entire course, except Bitter Creek, which is 
usually dry below the mouth of Sweetwater Creek. South of Nine- 
mile Creek Green River enters Desolation Canyon (see Pl. XVII, A) 
and flows in a general southward direction between nearly vertical 
walls which inerease in height toward the south, so that in the 
region of the Roan Cliffs they rise 3,000 feet above the river. 

Тію main line of the Denver & Rio Grande Western Railroad 
skirts the Roan Cliffs on the south, and although it is only a short 
distance from the limit of the oil-shale beds the railroad is accessible 
only by roundabout routes, except in the western part of the field, 
where the shale crops out in the highlands near the track. The 
main line of the railroad comes within the area shown on the map 
west of Colton, but a branch line runs to Sunnyside, in Т. 14 S., 
R. 14 E., and the north end of the Uintah Railway, which connects 
with the Denver & Rio Grande Western Railroad at Mack, Colo., 
is at Watson, near the Colorado-Utah State line. 

Wagon roads are nearly as scarce as railroads. А toll road is 
maintained between Watson, on the Uintah Railway, and Ouray 
and Vernal, in the interior of the basim, and there are two other 
well-kept roads connecting the interior of the basin with the Denver 
& Rio Grande Western Railroad, to the south. The one from Myton 
south to the head of Gate Canyon and up Ninemile Canyon to Whit- 
more Park and thenee down Soldier Oreek to Price is the older but is 
at present less used than the road from Duchesne southwestward up 
Indian Canyon and thence down Willow Creek to Helper. During 
part of the year considerable travel from the interior of the basin goes 
westward past Strawberry Valley to Salt Lake City. However, 
snow prevents the use of this route in the winter. 

Except along these three principal roads the trail made by one 
vehicle is usually almost obliterated by wind and weather before 
another has cause to follow. Тіс few ranchers who live in the 
valleys of Hill and Willow creeks get mail twice a week from Ouray 
by special messenger, usually on horseback, although there is а 
passable wagon road down each of these streams. 
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Sheep and cattle raising is the principal industry of the region, 
although there are small farms along the valleys of Ninemile, Argyle; 
Willow, and Hill creeks and also along White River near Soldier 
Summit. North of the area shown on the map, in the interior of 
the Uinta Basin, is some of the richest agricultural land of the State. 
The mining of gilsonite and elaterite near Watson, Fort Duchesne, 
Myton, and Duchesne provides employment for a considerable force 
of miners, and the coal mines at Sunnyside, Castlegate, and Kenil- 
worth are points of great activity. 

GEOLOGY. 


PRINCIPAL FEATURES. 


The Tertiary rocks that occupy the interior of the Uinta Basin 
have been subdivided on stratigraphic and paleontologic. evidence 
into four formations—the Wasatch, Green River, Bridger, and Uinta. 
The Wasatch, the oldest of these formations, consists of coarse 
sandstones, highly colored shales, and conglomerates, with here and 
there thin lenses of coal. The Green River, which contains the 
oil shales, overlies the Wasatch and underlies the Bridger. It includes 
evenly and thinly bedded gray and white calcareous shale, with some 
sandstone, oolite, and limestone. The Bridger and Uinta formations 
comprise irregularly bedded somber-colored clay shale and ferruginous 
sandstone and are distinguished from each other largely by their dif- 
ferent fossil content, each formation being very fossiliferous. 

Hydrocarbon materials have been found in all four formations, 
although bedded deposits (asphaltic sandstone and oil shale) are 
known only in the Wasatch and Green River. Veins of gilsonite, 
elaterite, ozokerite, and other related hydrocarbons cut all the Ter- 
tiary formations of the Uinta Basin. 


WASATCH AND GREEN RIVER FORMATIONS, 


The older part of the Tertiary section in the Uinta Basin is repre- 
sented by a series of conglomerates, conglomeratic sandstones, shale, 
oolite, limestone, and oil shale, the lower part of which is OE 
edly a Wasatch age, and the upper part, containing the beds of oil 
shale, is of Green River age. Тһе correlation of the middle part of 
this series on lithologic evidence is very difficult, especially over broad 
areas, inasmuch as the individual beds are not persistent and are 
ЕНТ in character, and fossil evidence is lacking. The base of the 
Wasatch formation has been mapped in sever pal areas around the 
margin of the basin in Colorado and Utah,” and a zone of rich oil shale 


15 бізге, Е. R., Coal fields of the Sunnyside and Wellington quadrangles, Utah: U. S. Geol. Survey 
Bull. — (in preparation). Hancock, E. T., Coal resources of the Meeker quadrangle, Colo.: U. S. Geol. 
Survey Bull.— (in preparation). Gale, H. 5, Coal fields of northwestern Colorado and northeastern Utah: 
U. S. Geol. Survey Bull. 415, 1910. Richardson, G. B., Reconnaissance of the Book Cliffs coal field, Utah: 


U. S. Geol. Survey Bull. 371, 1909. 


U. S. GEOLOGICAL SURVEY BULLETIN 720 PLATE XVII 


A. DESOLATION CANYON, GREEN RIVER, UTAH. 


B. OIL SHALE NORTHEAST OF WATSON, UTAH. 


Shows thin bedding in this part of the Green River formation. Darker bands are richest beds. 
About 600 feet of rock exposed. 
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occurring in the Green River formation has been examined and 
mapped.across the south and east sides of the basin, but the line 
between the two formations has never been studied. A comparison 
of the materials in this stratigraphic interval as exhibited in sections 
studied in northwestern Colorado and northeastern Utah leads to 
the conclusion that deposition was uninterrupted throughout the 
time represented by the two formations, although the conditions of 
deposition. varied from place to place. 

The irregularity in bedding (see Pl. XVII, B) and the coarseness of 
the beds in the lower part of the series indicate changing local con- 
ditions during their deposition, whereas the remarkable persistence 
and uniformly thin-bedded and fine-grained character ‘ol the oil 
shale indicate stability of conditions. The oil-shale beds were laid 
down in a great fresh-water lake, the waters of which must have 
been fairly deep, because much of the fossil material contained in the 
beds represents a very low order of plant life, which could not have 
withstood the grinding action of such waves as would have occurred 
on a lake as extensive as the Uinta Basin (175 miles east to west by 
50 miles north to south). 

During the field work detailed stratigraphic sections of parts 
of the Green River formation were measured at points several miles 
apart along the outcrop of the oil shale, where samples were taken 
for distillation tests. It was not possible to make careful study of 
the rocks except at these widely separated localities, hence the 
correlation of individual beds is not attempted. The examination 
was sufficient, however, to justify the statement that the principal 
zone of rich oil shale is the same along the entire southern rim of 
the basin. 

BRIDGER AND UINTA FORMATIONS. 

The somber-colored clay shales and coarse sandstones that occupy 
the interior of the Uinta Basin have been subdivided into two forma- 
tions—the Bridger and Uinta—on the basis of their fossils. Along 
the southern margin of the basin the older of the two (the Bridger) 
rests on the Green River formation without angular unconformity, 
but along the north side of the basin it overlaps older formations, 
entirely uem uring the Green River and in most places covering T9 
outcrop of the We rasatch beds. So far as known neither of these for- 
mations includes bituminous beds, either oil shale or saturated 
sandstones. 

The southern limit of the Bridger formation was observed at several 
places during the field work, and the approximate limit of that forma- 
tion is shown on the map (РІ. XVI, in pocket). 
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The Uinta Basin is a broad, shallow syncline whose axis trends 
in a general easterly direction and lies near the north side. Тһе beds 
dip very gently (1°-2°) toward the center of the basin along its 
southern margin, more steeply around the west end, and at even 
ereater angles on the north side, along the Uinta Mountains. So 
far as known the only exception to this general structure is near the 
head of Hill Creek, where there is evidence of a low dome that causes 
the outcrop of the oil-shale beds to bend considerably toward the 
south. 

The deformation by which the basin was formed occurred after the 
deposition of the Green River formation, which contains the oil shale, 
but before that of the succeeding Bridger formation. There have 
been other earth movements, however, even since the youngest 
sedimentary formation (Uinta) of the basin was deposited, as is 
shown by the presence of great cracks or fissures filled with hydro- 
carbon material. The origin of these cracks is a disputed question, 
but the fact that there is neither vertical nor lateral displacement 
along the fissures and also the fact that their direction bears no 
consistent relation to the strike of the beds suggest that the cracks 
are the products of tension, produced perhaps by cooling or drying 
of the sediments. Where the fissures cut formations that are largely 
sandstone they present clean-cut walls, but where they cut the beds 
of oil shale, as near Watson, there is no break filled with hydrocarbon, 
but the movement was apparently taken up by the shale without 
fractures. 

The deformation of the oil-shale beds of the Uinta Basin is not 
sufficient, except in very small areas, to hinder materially the min- 
ing of the beds of shale by methods used in mining horizontal coal 
beds, and in many places the surface of the land has the same atti- 
tude as the underlying beds and the overburden to the rich shale 
beds is thin, so that steam-shovel mining can be practiced without 
difficulty. 

STRATIGRAPHIC SECTIONS AND SAMPLES, 

The detailed sections given below were measured during the 
writer’s examination of the oil shale in Utah, with the exception of 
the last five, which were taken by E. С. Woodruff during his investi- 
gation in 1913. Beds of shale that are known by testing or are 
estimated to yield 15 gallons of oil or more to the ton of shale are 
indicated by heavy type in the sections. 
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Sections of Green River formation in Utah. 


North side of Hells Hole Canyon, sec. 22, 


T. 10 S., К. 25 Е. 


Shale, platy, sandy, lean to barren... .- 
Shale, mostly lean, with rich beds too 
аас е 


е tied de -— 
|n ee ? 77777 | 29 gallons). 
Shale,lean........... 
Sandstone, pe 
Shale, loan, platy, containing one 6-inch 
AGU TOL. ЭН СОВ 
Shale, hard, very rich 
Sha ) 
Snale, h: 
І0П8)........------<-<5--.55--14.4 
— НАТ. sample 80; 
BNSC калды 17 gallons). | 
Shale, hard, rich..... 
Shale,lean to ралтеп.................... 
Shale, rich (А)...... EE ss, 


Shale, soft 
Shale, ric 
Shale, so: 
Shale, ricl 
Shale, sof 
Shale, ric 
Shale, 50 
Sandstone 
Shale, soft (B).. 
Shale, rich (A). 
Shale, soft (B).. 
Shale, rich (A). 
Shale, soft (B).. e 
Shale, rich (А)...... 
Shale,lean.............. ә 
Shale, hard, rich (sampl 2 gallons). 
Shale, lean mostly, with rich layers too 
thin to ватаріө................-....-.. 
Shale, hard, rich (sample 84; 21 gal- 
10п8)..-.-.-----------------«..-.. 
Shale, hard, lean to rich, cliff form- 
О... р-он eene nen n in nn ача 
Sandstone, asphaltic. 
Sandstone, 008150...........---««-.--... 
Shale, hard. . .....-...--.- (ашуре 85 
Sandstone.... ВЕ 8 gallons). 
Shale, hard, rich......... 
Shale, hard, richest in upper 2 fect 
(sample 82; 20 gallons)............ 
Sandstone, asphaltic, variable in thick- 
ness (same as 22-inch asphaltie sand- 
stone in Temple Switch section; see 
ОО ооа аа Е 
Shale, hard, rich (sample 81; 24 gallons). 
Бапдбвіопе......--.------------<-------- 
Shale, sandy, platy, lean to barren...... 
Shale, гісй.....--.....------.---.-..... 
Shale, lean to barren, Бату И. 2 
Shale, гіс... eren 
Shale, lean to barren.. 
Sandstone............- eee 
Shale, gray, lean to barren.. 
Shale, hard, rich... ..........- ысы . 


of whole}; 
bed, 37 gal- 
lons; sam- 
ple 87, ofj 
parts of 
bed mark- 
ed “A,” 54 
gallons; 
sample 88, 
of parts of 
bed mark- 
"| ed “Б,” 25 
gallons). 


Ft. in. 
15 
п 
іш 
3 2 
24 
5 
6 5 
3 2 
11 
4 8 
1 3 
TEM 
NEG 
ти 
1 
1 
m 
m 
} 
1 
5 
7 
1 
6 
1 
2 
^ 
5 
1 
1 8 
Е 
76 
7 8 
qM 
3 
14 
1 
1 
2 i 
6 
TR 
тм 
1 
28 
3 
а 4 
2 
3 6 
1 
18 6 
2 
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North side of Hells Hole Canyon, sec. 22, 


T. 10 S., R. 25 E.— Continued. 
Shale, gray, lean to barren.. ............ 
Shale, alte ug 
hard and s ayers. 
3 hard and soft layers (sample 80; 
Shale, soft... 4-1: a8 
| 88 Mosi 


Shale, alternating 
hard and soft layers. 
a (саза Р АИСТ аа 
Shale, rich . 
Shale, pape 
Shale, rich 
Shale, sand 
Shale, rich 
Shale, ba: 
Shale, hard, тісһ........ 
Shale, platy, barren.............. 
haley hard. тепа LL 
Shale, for the most part gray and lean, 
but a few rich layers less than 1 inch 
TG lise кыа ando ae ерек ӨТЕН aaa 
Shale, papery, lean 
hole DIV OAD: ааба awe erattu 
Shale; Neng} д da 222 495. 222728 
Shalejysands, WAM еше АЕ НЕЕ 
Shale, атаудан РОЖА ЛИТО. 
Shale, thin, platy, lean to barren....... 
ОЮН Өкен ады азама aida E vue. aa Eig 
БОЛ: ІЗ Deb, Joe oec ФН d 
Shake, һәтбгжов лла 
Shale БАТОН нора овес. 
Бе Өт micare. аакка 
Shale, thin, platy, barren 


aty, lean to barren. 


un 


Shale, thin, platy, barren............... 
Sandstone 


Oolite, conglomerate at base... ......... 
Shale, gray and drab, barren............ 


Shale, gray and drab, barren. .......... 
Sandstone, eoneretionary............... 
Shale, gray and drab, barren. .. ........ 
Sandstone, with oolitie bands........... 
ООШ. дада RIS UNES SAEI ERI Ы 
Shale, gray and дгар, b 
Oolite, top distorted and sandy......... 
Sandstone, оос ааа АШЫН... 
Shale, gray 
Sandstone, sha 
Sandstone, massive 


Shale, barren, gray, sandy. .....--.-..-- 
OOllto.... cene pueri БИЕ РЬ - „ =< 
Shale, barren, gray, sandy. ............. 
Oolite. ......- 


Sandstone.. 
Shale, barren, 
Oolite 


Ft. 


2 


10 


ы 


e 
© со н C to 


m 


in. 
10 


to 
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North side of Hells Hole Canyon, sec. 22, 


T. 10 S., R. 25 E.—Continued. 


Oolite 

Shale, gray to drab, barren... 

Sandstone, massive, yellow. .. 

Shale, gray 

Oolitic sandstone 

Shale, sandy....... 

Sandstone, massive, 
bedded 

Shales, gray and drab, barren........... 

Sandstone, mostly yellow and massive, 
but with two somewhat shaly zones. . 

Shale,sandy, barren 

Shale, rich 

Shale, gray and drab, barren 

Sandstone and barren sandy shale 

Shale, largely masked, mostly drab, 
papery, with sandy zones; not sufli- 
ciently cemented to form ledges $ 

Sandstone, coarse, yellow 

Shale, lean to barren, papery... 

Sandstone, yellowish 

Shale, soft, sandy (sample 79; 1 gallon). 

Sandstone 

Shale, masked, but for the most part a 
barren greenish shale 

Sandstone, yellowish 
cemented 

Shales, red and green (Wasg 

Total section 
Total shale yielding 15 gallons to the ton. 
Total shale yielding 30 gallons to the ton. 


yellow,  cross- 


brown, poorly 


56 10 
15 8 


Sec. 24, Т. 11 S., R. 25 Е. (part of oil-shale 


Sandstone 

Shale, lean, sandy 

Shale, rich 

Shale, lean 

Shale, rich........ 

Shale, lean to barren 

Sandstone 

Shale, lean. . 

Shale, rich. 

Shale, lean 

SALO TIONS аан 

Shale, lean, papery 
Shale, rich 
Shale, soft 
Shale, rich.... 
Shale, soft... 
Shale, rich.. 

Shale, lean 
Shale, rich. 
Shale, rich, and papery shale 
Shale, medium rich. 
Shale, rich, hard.. 

Shale, lean 
Shale, medium rich 

Shale, lean 

Sandstone, ferruginous. . . 

Shale, lean to barren 

Shale, hard, rich.. 


"(sample 78; 
48 gallons). 
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Sec. 24, T. 11 S. Б. 25 E. (part of oil-shale 


zone)—Continued. 


Shale, lean to barren 

Sandstone, coarse, asphaltic (same as 22- 
inch asphaltic sandstone in Temple 
Switch section; see p. 109)............. 


Total section 
Totalshale yielding 15 gallons tothe ton.. 
Totalshale yielding 30 gallons to the ton. . 


North side of Saddle Post Canyon, sec. 22, 
S., R. 25 E. (part of oil-shale zone). 


Shale, hard, rich; 
weathers papery... 

Shale, rather soft, 
white on surface, 
platy 

Shale, hard, rich... | 


(sample 76; 31 
gallons). 


Shale, white, platy.. 
Shale, hard, rich... 
Shale, lean to rich; weathers papery 
Shale, lean; weathers white and platy.... 
Shale, rich; weathers papery 
Shale, lean; weathers white and platy... 
Shale, hard, rich 
Shale, lean 
Shale, hard, rich... 
Shale, lean, platy... Ба * 
Sandstone, persistent, quartzitie (iden- 
tical with 5-inch sandstone in Temple 
Switch section; see р.109).............. 


(sample 75; 35 
gallons). 


Total seetion 
Totalshale yielding 15 gallons tothe ton.. 
Totalshale yielding 30 gallons tothe ton.. 


TE 
1 


9 
27 
T 


9 
2 
6 
„11 


Ft. in. 
211 


10 
8 


Evacuation Creek between Temple Switch and 


Dragon. 


Shale, thin bedded, lean to barren........ 
Shale, hard, dark (estimated yield, 20 
За ЩО ВЕ rete riesen A 
Shale, lean to barren, thin bedded; a few 
rich layers less than 1 inch thick (Dip- 


Shale, thin bedded, rich 
Shale, lean......... 
Sandstone, persistent. 
Shale, lean, thin bedded 
Shale, hard, dark 
brown, rich 
Shale, hard, 
brown, rich. 
Shale, hard, 
brown, rich 
Shale, sandy (not in|(sample 68; 31 
sample) gallons). 
Shale, hard, dark 
brown, rich 
Shale, hard, 
brown, rich 
Shale, hard, dark 
(ТӨП, МОВ nena 


light 


dark 


light 


Ft. in. 
40 
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Evacuation Creek between Temple Switch and Evacuation Creek between Temple Switch and 
Dragon—Continued. Dragon—Continued. 
Ft. in. Tcu | 
Shale, dark, tough...) (sa m ple 67, b 4 Shale, hard 2 9 
Shale, dark, platy..| from richest Ш 5 Sandstone... А 5 jn 
Shale, hard, dark, | part of up Shale, hard. . (ume P 11 
лүн есес с IE: рег bench, 2} | Sandstone... 7 gallons). à 
Shale, soft, dark| 90 gallons; Shale, hard 2 6 
БЕУ METRE sample 65, 3 SaudsüoHo атыса. а 2 
Shale, hard, dark,| from whole! Shale, hard, dark (sample 71; 7 gallons) 7 
SRG Le E E лара кез. bed at sur- 3 Sandstone, рөгвізіөті................... 6 
Shale, soft,  dark| face, 32 gal- Shale, hard, rich to lean. . 
ОЕ асса. lons). 5 | Horizon of sandstone з 3 
Shale, hard, dark,|(sample 66, lenses, none of which|(sample 70; 
КІСІ PL us from whole 31 came where sample was| 14 gallons). 
Shale, soft, dark! bed 1j feet taken. 
brown.. >a back from 10 Shale, hard, rich......... 26 
Shale, hard, dark,| outerop; 55 Sandstone noe s 1 
gallons). 1 6 Shale, probably lean. 7 
Shale, thin bedded, Sandstone, bearing 
ТЕПТЕР (sample 64; 42 gypsum (not in- 
Shale,ratherleanand| 15 gallons). E in sample). . 5 
papery...... fe 2 ale hard, dark, (sample 59;) 
Shale, hard, dark brown to black rich; some gypsum / 10 gallons) 
(sample 63; 32gallons)............- 4 3 near ф0р............ à 1 10 
Shale, hard, lean, some thin sandstone Shale, with consider- 
Гауе оа А ВИДЫ 3 10 able gypsum....... 4 
Shale, hard, rich (samples 58 and 62; Shale, very dark 
23and 18 gallons, respectively)..... 311 brown, rich........ 5. 
Shale, minutely banded, some rich lay- Sandstone, brownish, shaly .. .......... 23 
ers (sample 61; 10 gallons).............- 6 7 Shale, DADOS LGB лао нове 1 
Shale, lean to barren, with two bands of Shale, rich; weathers blue............. 6 
small dark sandstone lenses..........-. 4 Shale, sandy, and barren shaly sand- 
Sandstone, hard, quartzitic, persistent. . 5 ві0пө....................... cass) 
Shale, sandy, barren; thin beds of sand- Shale, rich, papery . a 6 
ЧӨ. vc EE С ТА б Y Shale, sandy, barren........... ur 
Shale, brown and black, Sandstone, brown, massiv п 
ВИ ҮТЕ ГЕ Г" (sample 60; | қ Shale, lean to barren 0% 
Shale, hard;  weathers[12 gallons). Sandstone, massive, ledge making...... 5 
ЕЕЕ: 1 7 | Sandstone, brownish, shaly........... сөз) 
Shale, sandy; weathers greenish gray; . Shale, forming ledge, lean to rich. . 4 6 
ҚАН, 5517 5452-2-23 2 Shale, papery, lean to barren. .......... 4 
Shale, hard (sample 59; 9 gallons)... ..... Т Shale, hard, тїөй.....:................ 3 
Sandstone, rough, coarse, containing Shale, sandy, lean to barren; two or 
asphalt; top and bottom surfaces ir- three sandstone ledges less than 1 foot 
rezular, with shale conforming to the UDG Ie Seger а а СЫ eee RS 43 
iod pl run Co Е ME С к ШІ 10 Shale, рарегу; numerous thin blue 
Shale. 7 КӨШ аюв ааг, 7 
Sandstone, регвізбепі................... з | Shale, barren, with several brownish 
Shale, lean, sandy, gray to reddish, with sandstone layers 2 to 4 inehes thick... 20 
several thin layers of sandstone....... 13 в | Shale; weathers bluish; rich, ledge 
Shale, hard, rich..... 2 Ое 52 ты EREMO Қ Е! 
Shale, soft.....- Y Cea 74; 2 Shale; weathers bluish; barren. 2 1 
Shale, hard, rich 32 gallons). 1 9 | Sandstone, light brown...... 1 
Sandstone, tees. 3 Shale; weathers bluish; parren. 149 
Shale, hard з} | Sandstone, light brown 2 4 
Sandstone (not mouded - | Shale; weathers bluish; barren. 1% vs 
ілі samplai 2222-66-05 15 Sandstone, light brown............. 8 
Shale, hard ssamen sams Т, а? Shale; weathers bluish; barren dus 
| Sandstene, persistent (not (лл, Sandstone, шавзіуе.................... 2%; 
| included in sample)... . 6 Eu р 2 Sandstone, gray, 8һәіу................. 3 
! Shale, hard.... Ч 11 Sandstone, yellowish brown, not well 
| Shale, clayey 5 (ӨТПЕЙ асар а ЕЕ СЕРЕ 48 
Shale, hard, mostly lean, Shalepatoy ciue та каны a a a 35 
with thin beds of richer | Sandstone. ............ d 4 
SE Gh emia eels t 40 Shale, gray . 7 
Sandstone, persistent. ................ т Б | Балі65%0п6............... E SCIES * 2 
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Evacuation Creek between Temple Switch and 
Dragon— Continued. 


Shale, drab.. 


Shale, drab.. 
Oolite. 


Shale, gray 
Sandstone, massive, cross-bedded...... 
РАО ЧО ans eis dia ырақ een 
Sandstone, massive... 
Shale, gray апа drab.. 
Sandstone, resistant. . 
Shale Че. scs 
Bandstone, 118591У6:.....-....-....----4 
Ве ол СИНЕ 
Sandstone, poorly cemented............ 
Shale, drab to ртееп.................... 
Oolite, much distorted. ........ 
БШО Тату ооо Бе 
Oolite, much distorted . 
Shale, sandy.. 
Oolite. 222.22. 
Sandstone, 8851УӨ-.....-.%-х--.....м 
Opliloz. А он 
Sandstone, massive for the most part; 

some oolitic members near base....... 
Shale, drab; upper surface very irregu- 


Sandstone, massi 
Sandstone, shaly... 
Shale, gray, sandy.... 
Sandstone, yellow, massive. 
Shale, gray, sandy 
Sandstone, MASSIVE.. -aema sassis aiis 
Shale; 4гар.....................-44--.-. 
Sandstone, тааө5іме..............-.-.... 
Shale, drab to dark, sandy and conere- 

ПОПА се ыр Иа melon. бийни 
Shale, platy, gray and drab.. я 
ВО а рис со CE 
Sandstone, finely cross-bedded, poorly 


сететіей s as 45-а mmis er I iua 


Sandstone, massive. 
Shale, drab, валду..................... 
Sandstone, тав56іуе..............---.-.. 
Shale, Grad. г... „акааш ане dancin анаан 
Sandstone, тпаввіуе.........-.......... » 
Shale, gray and drab 
Sandstone, minutely cross-bedded... 
Shale, gray and 4гар.............. 
Oolitic sandstone, forming ledge; lower 

4 inches conglomeratie and may well 

be considered basal member of Green 


Sandstone, yellow, poorly cemented.... 
Shales, red and green, undoubtedly 
Wasatch. 


Тофа!зесиов.............-..--.. 
Totalshale yielding 15 gallons to the ton. 
Totalshale yielding 30 gallons to the ton. 


Oo go e 


an 


28 


57 
22 


1,306 10% 


8 
9 


OIL SHALE OF THE ROCKY MOUNTAIN REGION. 


South side of ridge in sec. 4, T. 12 S., R. 25 E. 


[sin amne а CET 
Shale, rich.. 
Shale, rich (Sum 136; 43 Көл 

Sandstone, brown, resistant...... 
Snhalejfaitly ricB- 3. лаглан 
Shale, rich, papery (sample 135; 26 

АЛОЕ ТЕКСЕРЕ ferme anes 

Shale, lean 
Shale, rich (sample 134; 30 gallons)... 
Shale, platy, fairly rich (sample 133; 

15 gallons). . 

Shale, leam......... 

тшшш brown, ЖИЙ апды. 


Іле leani ТЕ Ме еқ 
Sandstone, уейоу/...............-.--:.. 
Shale залау, lean. eeu deese 8 
Sandstone, massive, yellow. А 
(This bed to the west is locally Su 
rated with asphalt.) 


ТОСА Воо 
Totalshale yielding 15 gallons to the ton. 
Totalshale yielding 30 gallons to the ton. 


Ft. in. 
30+ 
10 
3 
2 
Шо 
8 8 
2 4 
4 4 
5 2 
B 0 
5 
DD 
Ж: 
8 
10 
83 
20+ 
1244- 
19-210 
fis od 


Spring branch of Bitter Creek, about sec. 17, 


T. 13 S., В. 24 Е, 


Shale, lean to barren mostly, but with 
two or three rich bands, each about 
31074 ACHES, tioke даносе сето а 

Shale, papery (sample 144; 50 gallons). 

Shale, black, rich....\(sample 143; 
Shale, thin, platy.. “} 23 gallons). 


Shale, black,v ory ridi sample 142; 
Shale, thin, platy....) 21 gallons). 1 
Shale, hard, rich, 
paoi ЕЕ ЕЕЕ | 
Shale, thin bedded,|(sample 141; 
ео АРЕН 31 gallons). 
Shale, hard, rich, | 
Тас ее аен 
Shale, thin bedded, platy. 
Shale, hard, rich, TEM a 
IUDAS ees б ей пос 


Shale, lean. .... 
Shale, rich, hard (sample 139; 
gallons). . 
Bhalo Ва. анаа анну Марав di 
Shale, thin bedded (sample 138; 11 gal- 
Поа: ОРЕ Қ МЫ НЫ У Сақ 
Shale, thin bedded......- | 


E 


(sample 137; | 


Әалавіопе.........-.-.--- 23 gallons). 1 


Shale, thin bedded...... 
аса АЗЕ ЕРЕ 
Shale, гісі......--.--.............2.... 
SHale loan. ноаен еам 
Shale, hard, rich 
Shale, sandy, and a few thin beds of 


sandstone, lean to рәттеп............. 
Sandstone, conglomeratic; weathers 
раску ае... bs eru aw s da ud ve 


in. 
354- 
4 2 
2 
MES 
10 
2 8 
іш 
МА 
9 
2 6 
TE 
4 6 
4 5 
1.2 
2 4 
8 
зи 
208 
6 
3 6 
3 
81 
2 
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UTAH, 


Spring branch of Bitter Crcek, about sec. 17, Spring east of Tabyago Canyon, sec. 16, T. 13 S., 


T. 13 S., R. 24 E.—Continued. В. 19 E, 
Ft. in. Ft. dn 
Shale, sandy, barren. 16 г 3 
Й у, Ваттеп................... i Р 7 n. 
Sandstone, forming weak ledge. 4 4 IUS РЕР ete. Gesn EU app 
| Shale, massive. 31 gallons). 2 10 
Mitel абу, DALCEN- sre- e-e fabien 18 6 А р Е 
(9 m КЕ Shale, lean to рәлтеп................... QUE 
Sandstone, oolitic, massive, and some- T я ix 
ы Shale, with sandstone-concretions...... 4 
what сопвіошетайс........-.......... 9 
A Shale, lean. . ......... Е 
Shale, barren and sandy, with some thin 5 " 
Shale, rich........... (sample 155; LD 
[Па Уу Sandstone. ..-...5.»»зд-+-з Нг 47 Е a n 
5 Shale, papery, lean...| 18 gallons). 2 
Sandstone, much contorted and contain- 5 : 
д P Б Shale, papery, rich .. 9 
ing large coneretionary bodics.....-.. 8 4 
edi ШЕШЕ Of pS ed CL ins ais Е CIC CIEN А 
ОАО х neste wea caren ea cate 214+ Shale, lean е; 
Totalshale yielding-15 gallons to the ton. DUIS Sendstone 2 
Totalshale yielding 30 gallons to the ton. 8 5 Shale..ce-4< T 37 
3 е "Y A Shale (sample 154; 9 gallons). 6 
Bitter Creek, about sec. 33, T. 12 S., R. 23 E КОЖЕ а a aaa ЖЕ ES ти 
Ft. in. | Shale (estimated yield, 10-15 gallons)... Вы cd 
Shale, hard. ............. qo 99 р ccm 
Shale, hard, rich, thin, Total вөсііюп..................... 33 6 
Dini Vos ect (sample 146; 1 10 | Totalshale yielding 15 gallons to theton. 12 9 
Sandstone (not sampled). | 38 gallons). y | Totalshale yielding 30 gallons to the ton. 6 4 
Shale, hard, rieh......... 2 1 | South of Ninemile Creek, вес. 32, T. 11 S, R. 18 E. 
Shale, hard, rich (sample 145; 43 gallons) 5 9 at 
— is Ft. in. 
Total section. йесі ses 11 Shale, рарегу....... (sample о 1 56 
Totalshale yielding 30. gallons to ibo ton. 11 Shale, hard. ......... J 23 gallons). Ш 10 
~ б ат 5 
Willow Creek, about sec. 29, T. 12 S., В. 21 E. жеше ы зыш 
Sandstone.............. 1 
Shale, lean to barren, with four or five Ft. in. Shale, hard (sample 158; 43 gallor 8.48 
rich beds not more than 6 inehes thick. 40-- Shale, barren, sandy.... eta 28 
Shale, papery, forming ledge (sam- Shale, hard...... ien d 9 
ple 150; 28 gallons). т an 4 Shale, рарегу....... 22 gallons). 2 
7 ае буо а СА С есте 2 БЕЛӘ ИӘ ШИЕ Он nma nt Ea Tres 
Shale, rich beds alternating with « code Shat hard, Т. ies euo »ая» ышы 10 
о í С rg r 
pe ers ques 149; 10 gallons).. i T T ee лшн я 8 
8 за, e 5 1..........- (sample 148; Total shale yielding 15 gallons to the ton. т 
Аы IER 19 gallons). қ $ | otal shale yielding 30 gallons tothe ton. 3 8 
nale 
Shale, mostly platy (sample 147; South side of Horse Bench, вес. 14, T. 12 S., 
EZ Vo et He CM MEUM MEER Б 2 R. 17 E. 
15.gallons) = 5 a Ft. in. 
Total section. dem аза. DD Sandstone and shale Кызу B 50 
Totalshale yielding 15 gallons to the ‘ton 8 5 Shale, lean (estimated) 50 
Shale, papery (sample 163 
East side of Hill Creek, sec. 7, T. 13 S., К. 20 E. Ноте) 67 Mae eere UMP 3” 
Ft. in d: d with some rich beds (esti- е 
Shale, lean to barren (estimated)....... 10 es d ia e оваа, : 2 un E EE Н 
Sandstone, yellow (estimated) 10 НЕ ы ks 
Sm 2 ,У у! RS HL Sr i Shale, lean, with thinbedsofrich shale. 20 
ERR е, Jean to barren (estimated)....... 15 Sandstone, yellow, тавзїүө............. 4 
Shale, rich.............. ig anges 6 ӨТӨ Loa к ® жыйы». deua йы c i ЕР 6 
Shale, lean to barren (estimated). 6 Shale, rich (sample 162; 31} gal- 
Sandstone, yellow (estimated).......... 20 LOTS) ка К ЗА iain c aos Get - +» 5 2 
Shale, lean, grading to sandy shale, Sandstone, green. 30 
DafIeh..... «eee nne ner та бодай] sia 4 ПОЛО еЗ ы, ыы esse e asa О 3 
Shale, black, rich (sample 153; 20 Shale, ЧОН... Д В, 
района) 99-022 Sea Е. 1 Sandstone, yellow (not 
Shale, lean.:...-. ы еее eee аа 2 sampled)..........- 1 
Shale, brown, lean....... ане н) 152; { 17-2 Shale, moderately 
Shale, black, hard, rich..) 14 gallons). qe 33 «BIG Bote cM Sie TENE 
Skalo barreli c... eee rt roh h aane 8 Sandstone, green (not|(sanrple 161; 
Shale, black, hard, rich (sample 151; о ЗАК 16 gallons). 1 
36 RAMONE) cede чего 41 Sbale,1685n.. ......... 4 
---------- Sandstone, green (not 
Total Seoul Oli. usw wwe сено wes we sa 716-76 sampled). ..-.-»--* 1 
Total shale yielding 15 gallons to the ton. meats) Shale, lean,.......... 8 


Total shale yielding 30 gallons to the ton. 4 п Shale, rich........... 2 8 
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South side of Horse Bench, sec. 14, T. 12 S., 
R. 17 E.—Continued. 


Ft. in. 
Shale, lean, papery .. 3 
Shale, fairly тісВь........--..-2...-.... 1 
Shale, lean. 
О е. ЕЕ 
Тоба shale yielding 15 gallons to the ton. 14 4 
Total shale yielding 30 gallons to the ton. ра 2 


Rock Canyon, 9 miles east of Willow Springs, 
about sec. 34, T. 14 S., R. 16 E. 


Shale, lean. ии 
Shale, hard, rieh..... 5 
Shale, soft, brown, 

pU (sample 164; 2 
Shale, hard, rich..... 22 PANEL 3 
Shale, thin, bedded, 

ТО анаа T 
Shale, hard, medium il 

Shale, lean. —— 

Totalshale yielding 30 gallons to the ton. 3 10 


East side of Water Canyon, sec. 22, T. 11 S., 
R. 15 E. 


от. 

Shale, rich (sample 167; 24 gallons). 3 10 
те Суса иены. 7 
Shale, brown. ---\(sample 166; { 1 

Shale, rich.......... „.. 13} gallons). 15-8 
Shale, lean to Ралтеп...........-....... 18 

Shale, dark brown (sample 165; 

20 О 3-6 otic wee sie ore miele m 2 

И едт SCCTIOTIE у-н а 84 8 
'l'otalshale yielding 15 gallons to the ton. il 


Pete Canyon, sec. 19, Т. 11 S., К. 15 E. 


Shale, rich (sample 168; 26 gallons). 
Бапа бе ад ИНЬ ge 1 
Shale, barren 


ПО А SOG НОЛ ai an tiui 
Totalshale yielding 15 gallons to the ton. 


North side of Avintaquin Creek, вес. 26, T. 6 S. 


R.8 W. 
Ft. in, 
Shaleand sandstone to top ofhill; upper 
200 feetis yellow sandy material but 
contains in upper 100 feet two thin 
beds (2 inches) ofrich oilshale........ 500-- 
Shale, thin bedded, rich (estimated 
aelajaügallons)graeer eo quaudo 1 
Shaleandsandstone....-.-.25- 2.22422. 75 
Shale,rich (estimated yield, 25 gallons). 10 
ӨРЕ Ват 2225242 нижнее 7 
Shale, rich (estimated yield, 20 gallons). 5 
Shale, barren, and sandstone. . ......... 300 
Байа Пай, Ne ЗВУ ipee Nes 10 
200 
2 


Shale, lean (estimated yield, 10 gallons). 4 
Shale, barren, and thin beds of sandstone 45 
Shale, thin bedded (estimated yield, 15 
е на СОИ И. 


OIL SHALE OF THE ROCKY MOUNTAIN REGION, 


North side of Avintaquin Creek, sec. 26, Т. 6 8., 
В. 8 W.—Continued. 


Ft. in. 
о ede 18 
Shale, thin bedded, rich (estimated 
viola 20 ее 1 
а Geer ар, Же: АА а noe Ба 8 
Shale, thin bedded, rich (estimated 
yield, 25 gallons) > 7 
Sandstone, shaly...... а 15 
Sandstone, massive, coarse. 2 
Shale, lean to barren.. ........... 5 35 
Shale, richer than sample 171...... 8 
Shale, barren, and sandstone. .......... 12 
Shae SAUCY. РЗ i s del xta Ee 1 
Sales VOLV GM А Ке E 17 
Shale, thin bedded, rich (estimated 
yield, 30 gallons) Дь 
Shate, lean Р 
Shale, thin bedded, тіс» (sample 
171; 32 gallons). . 4 
Sandstone toe А О 2 
Shale, lean 6 
Shale, rich (estimated yield, 20 gallons). 7. 
Shale еа аваас «құлашы ыз 10 
Shale, thin bedded, rich (sample 
1705-20/gallons)t 522222222772 238 
Shale, lean (estimated yield, less than 10 
gallons). .... 232 e» 2 
Shale, rich (estimated yield, 2 ) 6 
Shale, lean (estimated yield, less than 10 
О а s PE ELM Кыз 6 
Shale, thin bedded, rich (estimated 
yield 5 ЗО) sia pear aeann 9 
Talus to creek, mostly shale............ 75 
ITO SecDLOD caer т 1,425-- 
Total shale yielding 15 gallons to the ton. 17 8 
Total shale yielding30 gallons to the ton. 9 2 


Broadway prospect, Doans Gulch, 6 miles north 
of Soldier Summit. 


Бі. in 
Shale, thin bedded... Bue 2 8 
(OON OI е ы а Re ат HE 20 
Shale, thin bedded (sample 173, 
lower 6 feet 6 inches; 19 gallons). . 12. 46 
ООО, isis cq w= isis sla am байанына: 4 
Shale, brown............ сы "S 3 9 
11 gallons at 
Shale, hard, brown. UN: 4 1 10 
Shale,thin bedded ое 
E opening), ) 
Ватев аро е И. marua Ee AAA с лет 2 
Talus slope. ейн 
ата ВОО е Е 44 4 


То shale yielding 15 galions to the ton. 18 1 


Kyune Canyon, 4 miles northwest of Colton, about 
sec. 17, T. 11 S., R. 9 E. (lower shale zone). 


TU. in. 
Shale, mostly platy (sample 175; 15 
gallons Mert оа Оа 2 8 
Shale, lean and barren.... 22 
Snalesplauyi-. 2-22 А [лш 174; { 4 4 
Shale, hard, rich.. z 11 gallons). 8 
ОВТ Е а 10 
Shale, with thin beds of oil shale. 35 
(елле НЕРІ ТС S E ORE EE. 3 


Kyune Canyon, 4 miles northwest of Colton, about 
Sec. 17, T. 11 S., R. 9 E. (lowershale zone)—Con. 


Т. “ыу; 
МӘ ЕР aca РЕ eee x 2) 
Shale, lean to Баттеп.. 5 2 9 
Sandstone, massive.. = 4-79 
Malar Darron a0 oes qos sence eee 2.8 
BrIndSLOliol еее 6 
Shale, mostly barren, with thin rich 
[ondes E ИЕА 40 
MOPARS тото e S ЕС 120 613 
Totalshale yielding 15 gallons to the ton. бегей 


Left Fork of White River, 2 miles north of Sol- 
dier Summit, about sec. 18, T. 10 S., R. 8 E. 
(lower part of formation). 


Tis АШ; 
Shale, barron, estimated. ..............- 300 
Shale, hard, hackly (sample 179; 8 gal- , 
Пота У е fce Mu Dec md кыы cC 3 9 
Shale, mostly barren, with two ledges 
Ше заро оа а таа? 103 
Shale, part papery, part platy (estimated 
yield, less than 15 gallons) 2 7 
Shale, not well өхровей......... Кат) 
Shale, papery (estimated yield, 15 ES 
lons-3)3. ce Dora ws res riw ny aono x una 15:93 
Shale, barren. . 4 6 
Shale, not well exposed (estimated 
yield, 16 раПоПв)................. 8; 79 
Shale, Батхед мела. 4 
Sandst0De::i.. oce ire dees gues evens 1 
halo; DAL. каға еріс <2- сіру 3 11 
Sandstone....... > T 20 
Shale, barren...... ес 970 
Shale, papery, 4ігіу.................... 3 
Shale, papery, dirty 1 10 
Shale, hard. ........ (sample 178; 3 
Shale, soft.......... | 24 gallons). 246 
Shale, hard. ........ 2 4 
Shale, twisted and contorted. .........- 2 
Бапавфопе..........-------. d 3 
Shale, good as any in sample 178. De 
Mostly masked but probably barren 
shales with a few sandstones.......... 155 
Bhate, medium tel: c: 2-9. ы ЖШН 6 
Mostly masked but probably barren 
shales with afew beds of sandstone... 270 
Shale, Soft... . s. eee enn yen M 8 
Нате Дата. 5-5 7 gallons). d 5 
Shale, һәттеп......-.-..-.......... ^ 12 
Masked, estimated. . . -. 25 
Shales bearing some oilalternating with 
sandstones; no minable units. ........ 32 
Sandstone... 7 
Ее lean to barren : 10 
5 
Shale, possibly rich 8 
And Stone. рое 2h 
Shale, dirty 11 
Randstone... 6 
Shale, lean. . 8 
Sandstone... 5 
Shale, lean 6 


93613^—23—8Bull. (29---8 


UTAH. 
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Left Fork of White River, 2 miles north of Sol- 
dier Summit, about sec. 18, T. 10 S., R. 8 E. 
(lower part of formation)—Continued. 


Ft. ins 
Shale, soft, dirty: ......... 10 
Sandstone, cherty (not 
SONIDO ar ЫНА 9 
palaeo 3 
peer amplo] ар 
Shale, hard :. о 4 
Shale, soft...... $ 5 
Shale, rather massive, very 
fossiliferous. .. 13 
Shale, soft. ..... 5 
Shale, rather massive, vory fossiliferous 
(sample 176; 12 раПопв).............. 1 9 
Shale, Jean “platy. sinaia leves 10 
IDOUATSOGULOI reed et ees ir rte eee 1,124 2 
Totalshale yielding 15 gallons to the ton. 2 10 


Along Denver & Rio Grande Western Railroad 
near Old Tucker, sec. 24, T. 10 S., R 6 E. 


Ft. in. 
Shale, massive but not flexible (possibly 
ПО 8110038) гек очен. oki ste 2 8 
Sha ЕТА zt 50-552 БЫ АНЕ ЭР 4 
Shale, massive but not flexible (possibly 
15 gallons) 55 8 
Shale, lean, gray. 28 
Shale, massive, ledge forming, dark 
colored but not flexible (probably 
15 gallonsvOrmore)ios Т ЫА.» 2-8 
bale, Darren: о а «ла 33 
Shale ligi browne). соо 4 4 
BELO Darn атое cents tessa 21 
Бапа оре оет мос 10 
БЕЛӘ; ЮАО А ах Каисы AE 8 4 
Shale, light brown. = 2 9 
Shale, barren.......-..-..-. 8 
Shale, light brown, forming small ledge 
(sample 183; 5 gallons). .-.-...-.....- 2 8 
Pale, gray, рате На 9 
Sandstone,massive-....-.. elle esl. 3 10 
hale; gray; Damons 2... 2. 16-1 25 
Shale, thin plates (sample 182; 14 gallons) 3 6 
нао оозе РИАЕТ УЗ АЗА БА 2 
Shale, lean to barren 27 
Shale, dark to light brown (sample 181; 
ВОВЕ, D era LEE Tre wel aad neat =a 4 
Shale, lean 1 4 
Limestone, very fossiliferous........... 6 
Shale, bluish and grayish (probably none 
agmichies Lo gallons)? . ља а: 110 
SAIL eye rem 5 
Siale lean, bluish, .....: e а-а нана 6 2 
бапдвіопе................----..-....... 4 6 
Shale, lean..... am 10 
Sandstone....-.- 2 6 
Shale, hard, brownish тау {sample 180; 
8 2911005) к он он o ode ieee em = man ЗЕ 
ТОТ ЕСО оа. 337 8 
'Totalshale yielding 15 gallons to the ton. 2 8 
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Sample 185. ОП shale, collected in sec. 2, T. 18 S., В. 4 E., at top of Wasatch 
Plateau, San Pete County, from: Green River formation (Eocene). 


Section on east side of Evacuation Creek, at Ute station on Uintah Railway, Utah. 


16 Richardson, G. B., The Harmony, Colob, and Kanab coal fields, southern Utah: U.S. Geol. Survey 
Bull. 341, p. 394, 1909, 


OIL SHALE OF THE ROCKY MOUNTAIN REGION. 


Section of oil shale near head of Manti Canyon, % вес. 2, T. 18 S., К. 4 E. 


Shale. Ft. in. 
Shale Пава И. seu edes аааз е 7 
ОО О ise M ое оо a IU UE 2 
Sitio hun bedded a s.c ae, а ое. ense e nie с 6 
SHIMON at MER зо зер CET TT ее 4 
«алетте dim pene аа 6 
Sandstone 24 eee eei ТЫ Сы 26222222 2 
Siale, ес ЗЕ. селе d Ou Г ка aperte ыл 3 
Sandy limestone. -- 

2-6 


‘Sample 186. Oil shale, collected in Chris Canyon, Juab County, from Green River 
formation (Hocene). 


Section at mouth of old tunnel in Chris Canyon, southeast of Juab, Utah. 


Ft. in. 

Shale oreen ателе «c«m wim пара sse e Иа ее 1 
Башен ола Есеке. ыы олова ШЕ 0 
Shale ercon DANONE Се ЕВО Е shoe SI OPTIONEN 10 
Shine Қа tes etre e EAS атала л ao засы Еа ES ibus 
Пате Оре ес ШО e EE а тр 
Sandstone. c cud. cic 155 222.2.......-........-..-22--.----.. 10 
Shale (as good as sample 186).............................. 36 
Е О = ®=- miele wel area a aiat otera a mra a uf la ruta mra 34 
Shale, rich (sample 186; 22 саПопв)......................... 208 

Shale, lean. 

Tlotalmeoplouec se БЕЗ ЖЕНЕ EE S e s ы. „кебен азе 16 1 
Total shale yielding 15 gallons to the Фоп......................... puig 


Sample 248. Cannel coal, collected іп Cannel King mine, Kane County, in sec. 
26, T. 
thick. 
was therefore only slightly weathered. 

Sample 474. Laketown Canyon, 1 mile east of Laketown, Utah, in the NW. 4 вес. 
32, T. 13 М. В. 6 E. Prospect pit in phosphatic brown shale 3 feet thick lying in 
Mississippian limestone. Result of distillation: Oil, trace. 

Sample 475. “Тһе Oaks” resort, Ogden Canyon, Utah, in T. 6 N., R. 1 E. Black 
phosphatic calcareous shale in Mississippian limestone outcropping along public road. 
Bed 3 feet thick sampled. Result of distillation: No oil. 

Sample 476. Carbonaceous shale of Paleozoic age near the summit of the Con- 
fusion Range, 15 miles east of Trout Creek, which is near the Utah-Nevada boundary. 


39 S., R. 9 W., by б. B. Richardson," in 1907; represents a bed 5 feet 6 inches 
The sample used for distillation had been in a closed glass jar since 1907 and 


[By E. G. Woodruff.] 


Sandstone, brown, calcareous; weathers brown; base of upper 


member of Green River formation, Ft. in, 
Shale: Drown ti bed ded m на а 11 
ШИН Об, Отау аресте 86 
Siale gray woalcare Ouse Е 02222222222. летать 18 
IAS oray. TN С НАН 22 ТТ 6 
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Section on east side of Evacuation Creek, at Utestation on Uintah Railway, Utah—Con. 


Shale, brown, thin bedded, slightly bituminous (possibly con- Ft. in. 


tains 2 or 9.gallons of oil to 5һ6.400)..-2---.2.4%.2242-....... 165 
Shale; browns, ооа анаа НЕЕ 6 
Shale, brown, сатропасео ца аана E c imo 
Shale, brown, slightly bituminous. s -es nsr si ee eere Перу? 
Бө, буй, СООО 22222222222. 8-4 
Shale brown, Роа secs е ен нне УЗ 5 
Shale, brown, fissile, carbonaceous. ............-............. 5 
Shale, brown, bituminous 8 
Shale, brown, carbonaceous; weathers отау-.......-.......-... 62 
ББ ОТОУ DINOS а Е еее dei АЫ 8 
Shale, brown, carbonaceous; weathers отау..-...-............. 4 
Shale, bituminous. .... Бао ен castae kp ed Ве 
Shale, brown, carbonaceous, thin bedded; weathers отау....... 12 
Shale, brown, ӘШіЛІШІШОЛІН---2--2.-25---5--4:...-.--.--.--.--. 6 
Shale, brown, carbonaceous, with seams of bituminous shale 

half an inch thick in the lower part; weathers отау.....-..-. 5 
Shale, brown, bituminous. - 7,410 
Shale, brown, carbonaceous..........- 12 
Shale, brown, bituminous; somewhat variable in bitumen con- 

tent (sample testing 45.2 gallons oil to the ton, collected at 

Temple station, represents 4 feet of the lower part ofthis bed). 22 6 
Shale, brown, carbonaceous; contains some layers of bituminous 


Shale ace ла ада о cie eet pet Alec edt mu 18 6 
ОО toes Sie БЕ SS ажаты т ctos eene 22 1 
Shale, brown, НӨНШӘ...:.........-.--......-....-2-%-------% xr 19 
шта Н ОШО, ЖОЛДЫ dw RE Sees qure NERA deed 1 
Shale, brown, fissile.......... 12 6 
Shale, brown, bituminous- - 
Shale, brown, fine grained, thin bedded; contains fossil insects; 
EE ДӘЛ comet que E onere АИИ 20 
Shale Бома, БОИ aas еее a ee Aan 6 
Shale, brown, carbonaceous, very fissile; weathers отау........ 13 
Shale, rusty brown, very sandy, calcareous....... бізден Dco 40 
Shale, light tan, calcareous; weathers отау--........-.......... 40 
Sandstone, gray, thin bedded in lower two-thirds, thick bedded 
in upper one-third, locally cross-bedded and ripple marked; 
СЗТ УБ ЕЕРЕЕ ЕСС 2222-22 68 
Shale, light brown, in layersas thin as 0.1 inch, slightly carbo- 
naceous; 45 feet above base occurs a bituminous shale seam 
4 inches thick, and 6 feet higher another of equal thickness.. 08 
Shale, bituminous. ..-...........-....-......-......,...... ^ 
Shale, brown, СӘТБОПИСӘОМЕ QE. ate d nde o aetate. o. eis aho webs RE ud Ч 
Shale, brown, bituminous ......... 
Shale, brown, carbonaceous- ---.--- 
Shale, brown, bituminous --------- 
Shale, brown, carbonaceous 
Shale, brown, bituminous ...-.---- (beds sampled; 16 gallons) 
Shale, brown, carbonaceous. ....... 1 
Shale, brown, bituminous ........- 
Shale, brown, carbonaceous.....--- 
Shale, brown, bituminous ......... 
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Section on east side of Evacuation Creek, at Ute station on Uintah Railway, Utah—Con- 
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in. 


Shale, brown, locally slightly bituminous..................... 28 
Shale БОЛИП, DINDO US ЕО РОУ ТЕ sale 
Sidera y adl aae он. ТҮС 
halo bros PIUMINO а, ы SOC ир 4 
ВО re c e m a ОО ИЕ C 9 
Бае Е avec Uster eoe cee ree oan RAE AME 3 
SHOE отоу: Ота оО ees EDO О NC 4 
Shale, sandy (lower member of Green River formation)........ 2 
Water in Evacuation Creek. Б 
694 5 


Section of strata containing bituminous shale beds on north side of White River, Utah, 
5 miles east of White River station, T. 9 S., В. 25 Е. Salt Lake base and meridian. 


[By E. G. Woodruft.] 


Shale, gray, fissile. iuge st 
Sila oye DDITEUIXLO US e bar ame аа та о т E ERO TE m 9 
Shale, brown, slightly carbonaceous................-..--.---- 6 
Shale БТ оон eh aap Ас ыс E. 2 | 
АТО БО, (иц оре оша c с с ео 4 
Shales ОТВ е Телеге лес ла Жоке сс» EID Ee E 3 
рате шокш сазо О ылы 9 
2 Ае аео же т-д лизм о.» ЖЖ кт Cere Ayn c ыгы 8 
Shale, brown, fissile, сатропасеолв- -.-....................... СІП 
Da Ее озі талл ерер ен ЕРЕ ллы сыт е еее І 
Shale; Бул, САО cec Nee yee ПК 


Shale, bituminous (samples test 33.3 and 35.5 gallons). ........ SEE 
Shale mow ms. Canoe! COS examen ET M E 2 4 
ар Пен іт TUS Sere а ene oe cee memes iiem ce ) 
ае PLON CABDOIIQGC OUS eee eI rr SEE 9-772 
[e diues edt iva uio аа e vehe ee E та St Е Tope a Me 7 
halo (баулар СООО ERES NAE ES 10 
а Si m VC О ts copre madens nuo, as ia Die renee е act ce : 
БИА Б УШ Gan OMA C COU ы a уалы 4 2 
Shale, bituminous (estimated (о contain 20 gallons of oil to the 
TO). rore cemere SM bene SE EM Баа. 6 10 
Шарт Car DONACE OUSE ara ыс шс е ОО О 11 
halo ПИ ОАР ОНЦ eere SEE CREER 9 
Shale, brown, carbonaceous. 3 
96 1 


Section of strata containing bituminous shale on Hill Creek, Utah, in sec. 12, Т, 13 5., 
К. 19 .E., Salt Lake base and meridian. 


[By E. б. Woodruff] 


Shale, gray, thin bedded. Ft. in, 
iShrades оуд тато О о оно СӘРЕ 5708 8 
Shale brown scan Б ОШО е ПОП иена ИЛИ 
Shale, brown, thin bedded, calcareous. . .......... adus. meu 51 
Shale, bituminous (samples test 16 gallons)................... А 9 
Shalanptay т beddod то-то cr eec Е. ARS 3 


Shale, brown, bituminous (contains 15 gallons of oil to the ton).. 1 1 
Рае, ОТО, VE 222222222 a Тай 
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Section of strata containing biiuminous shale on Hill Creek, Utah, in sec. 12, T. 13 8., 
R.19 E., Salt Lake base and meridian—Continued. 


Shale, bituminous; weathers in thin laminae. ................ 


PEL Gs отом; Wie аш аша cu E з а 090: 
Shale, brown, carbonaceous, thin bedded. ................... Заа 
Shale, bituminous (estimated to contain 10 gallons of oil to the 

HOT Eds rose os Too Е ЕН 
Shale, brown, carbonaceous, thin bedded.......-...........- 4 4 


Shale, drab, fissile; weathers gray. 


Section of strata containing bituminous shale along freight road from Myton to Price by 
way of Harper, Utah, 4 miles north of Ninemile Creek, approximately in sec, 12, Т. 11 
S., К. 16 E., Salt Lake base and meridian, 


Shale, thin bedded, olive-green. Е. in. 
Shaler Hronas Борат Е, ate 1 ме өтесе. 6 
Shale oliye preet апу оаа ата-ене 2522 ae oe 10 


Shale, slightly bituminous; weathers in thin layers (sample 
yielding 39 gallons to the ton was taken from a 6-inch layer 


MORNE top OLS OC) eaea н с ж-д Ене > 4 10 
Shale, brown; сат рошавеона ее ; 6 
Shale „БИШЕ В 2 ue. ее. q* 2 
ӨШСЕ” отау ОО ОО ее crc d E AS 7) 
Shale, brown, ДЕУ Боце, 2.2. -е---,-4-25-2-2.22-.Х- ШЕ И; 
Shale ОЕ ЕЕ. нымы. ЫЗ д-ды? 8 
Shale, bituminous; weathers fissile (estimated to contain 10 gal- 

ОЗО ООО GLO E ЕС E A ЗЕ А ЧЕТЕ СЕУ 175522 
Shale eray; Балтас» 5 5-ке» Фен тана Н 472-9 x «nite 9 
бае рону CAkDOMACCO US а Ы АЕБ Ер DES 
Shale, olive-green, thin bedded:.-2...::2.......: 2... tet ee ee 14 
Sato, brown; canbonaceous- eee. agam ce he de nce alee es 6 
ШЕ ӨТЕУ vens Ете 4251 eee cete celer S ei 8 
Shale, brownjecarbonaceous: a ЗЕ. ААУ 10 
Shale, Зете руа БӨЛІ» Е.Е 13 
Sandstone. — 

88 3 


RESULTS OF DISTILLATION TESTS. 


Of the 96 samples of carbonaceous material from Utah, all but 
three represent shale from the Green River formation and show 
yields ranging from a mere trace up to 90 gallons to the ton. The 
maximum yield was shown by a sample from a thin bed (6 inches 
thick) near Watson, on the Uintah Railway. More than one-third 
of the samples show yields of more than 25 gallons to the ton, and 
most of the leaner samples came from localities where rich beds are 
present. The percentage of nitrogen was determined in only a small 
number of samples, inasmuch as most of the samples were tested 
before it was discovered that the determination of ammonia in the 
permanent gas did not furnish accurate data for an estimate of the 
value of the shale as a source of nitrogen compounds. 
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Results of distillation of shale from Utah. 


; Gravity of oil at Theo- 
Locality. b on $ Yield of retical 
= equiv- 
5 - ammo- : Ў 

up Y d e nium | Nitro- E Sulphur 

x c Ed sulphate| genin | cenin in 
р = gen i 1 
shale, | Po an shale. | Po. | Shale. 
g nium. 


Shale.a sulphate 
per ton. 


sampled.| g pecific.| Baumé. 


Gallons. | Pounds. | Per cent.| Pounds. 
DP 


905 26.5 11.9 
6 .9 11.9 
5 Й 11.9 
.8937 6.6 16.8 
. 8989 5. 23 
.9827 
.9019 
‚9014 
.8983 
.8998 
.8870 
. 9090. 
.9052 
.9745 
.9112 
9021 
. 9260 
9098 
‚8175 
‚9268 
.8887 
.9036 


Tucker d 
Soldier Summi 
118 
и 
11 
11 
i 
11 
ІШІ 
11 
11 
11 
iti 
11 
11 


POISE = = сл рз оол 


© <> Ou ©о OX Bo I ©о C» СЗ 
тсрс 


атоо юаш оороо ооо 
осо хаж 


ызы 


р со оосо с-а к Со) С> NOO-N 


рю 


n 


UPON ротору 


eX OU-IEB 


9094 

9073 
«9163 
8975 
. 8966 
. 8879 
.8934 
. 8866 
.8914 
.9059 
. 8976 
.8958 
.8920 


яя сл 


орозо 


ос ны bo Оо 


Unsurveyed 


ы 


.9200 
. 9060. А. 
.8912 27. 


2 < ho 002 62 06 сл ну 1 


кен 
наны 
So 


147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 81.5 
163 15 

« Determinations by Bureau of Mines (C. Б. Bopp, chemist), Ammonium sulphate determined in 
permanent gas and does not represent total amount available. 

b Bitter Creek, 12 miles southwest of Dragon. 

€ Bitter Creek, 15 miles west of Dragon. 

4 Willow Creek, 28 miles west of Dragon. 


Баео о се с сос с 


.9050 
. 9110 
. 8890 
. 8850 
. 8917 
.9099 5 
. 8838 T 40 

t 23 
16 
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Results of disti'^ation of shale from Utah—Continued. 


Locality. Eua D Theo- 
: Yield of кайг 
- Thick- iae aao ге. slantist 
p bed ton of р Б genin'[ i 
No. € 3 hal рет {оп | Shale. | = shale. 
See т R sampled. Specific. Baumé shale, of ammo- 
Y d 2 F 1 а Ө nium 
shale. sulphate} 
per ton. 
Gallons. | Pounds. | Per cent.) Pounds. | Per cent. 
1646" TUnSsurveyed.-..-::.-- 32 3.55 4% PA 
65 921 11 Sin) 15 Б; 29.5 бо 
166 22 118. 15 Е. 18.5 1.49 
67 22 11.5, | 15 E. 24 3.92 
168 19 ПБ.) 15 EK. it 26 3.86 
169 12 12 S. TORUM S eet . 8800 29.09 10 2.28 
70 26 6 5. 8 W. 25 Б 26 8.79 
71 26 |» 6 S. 8 W. 4 32 4.96 
"27 | Unsurveyed.......... TASSI 11 0.29 
173 f 12 6 88 19 .89 
174 2 5 .5890 27.48 dal 3.56 
175 2 8 . 8980 25.90 3.0 
76 53 ‚5640 32.03 
4 2 .9100 23.84 
GEL ‚9050 24.69 
3 .9 .9220 21.84 
ар . 8900 27.30 
4 . 8780 29.45 
0: 46 ‚8590 32.98 
2 8 .8(40 28,18 
ш) - 18980 25.90 
1 10 „8710 30.92 
р 
5 8 
3 
3 
сады Lat ТЕ rd мыч ААО p met 
е Rock Canyon, 15 miles east of Sunnyside. 
f Doans Gulch, 6 miles north of Soldier Summit. 
g Kyune Canyon, 4 miles east of Colton, 
ù Leit Fork of White River 2 miles north of Soldier Summit, 
i Three miles north of Fairview. 


Janyon southeast of Juab. 
1 coal. 


DEVELOPMENTS. 


In Utah there are three points around which oil-shale activities 
have centered—Salt Lake City, Colton, and Watson. In addition 
lands in nearly every part of the State known to contain oil-yielding 
shale have been surveyed, staked, examined, and covered with such 
so-called development or assessment work as was thought necessary 
to meet the requirements of the laws relating to mining claims. 
Assessment work consists in digging prospect pits along the shale 
outcrop, building roads, trails, and houses to be used in the develop- 
ment of the oil shale, and in some places the construction of tram- 
ways, etc. Such evidences of the oil-shale industry are to be found 
in great abundance, especially along the southern rim of the Umta 
Basin. 

At Salt Lake City considerable chemical and engineering research 
has been carried on by representatives of both the University of Utah 
and the United States Bureau of Mines. Perhaps the first experi- 
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mental plant was erected by J. B. Jenson, who as early as 1918 had 
in operation a 25-ton plant of his own design. The retorts of this 
plant consisted of three horizontal tubes arranged one above another 
in such a way that the shale which was fed into the upper tube was 
carried by screw conveyor through each tube and delivered to the 
tube below and finally discharged as spent shale from the lowest 
tube. Heat was applied to the tubes externally, so that as the shale 
proceeded through the apparatus it was subjected to successively 
higher temperatures. The vapors were removed at different places 
along the tubes and condensed separately, and at least theo- 
retically there was a partial fractionation of the products of distilla- 
tion as they were produced. Recently this plant has been used by 
the chemists and engineers of the United States Bureau of Mines as 
an experimental laboratory, and the results of tests and experiments 
made there should be of great value to the industry. 

In 1918 a retort designed by Otto Stahlman was set up at the 
University of Utah, and experimental runs were made, but the 
writer has seen no published results of these tests, nor is there any 
information available as to the use of the plant since that year. 

Тһе oil shale near Colton has attracted considerable attention 
because of its nearness to the main line of the Denver & Rio Grande 
Western Railroad. Several companies have been reported as having 
plans for the installation of retorting plants, but up to January 1, 1920, 
only one seems to have made actual progress. "This company, the 
Rocky Mountain Refining Co., is reported to have completed and be- 
gun the experimental operation of a 25-ton retort in Kyune Canyon. 
'The DeBrey process is used. 

Probably the richest shale in Utah is to be found» near Watson, 
and therefore several companies have begun the erection of plants 
in that vicinity. Тһе Ute Oil Co. has assembled the material for a 
large plant on White River about 2 miles above White River station 
on the stage road between Watson and Vernal. This plant is to 
consist of а series of retorts of the Wallace type. Each retort con- 
sists of a metal cylinder in the middle of which there is a perforated 
tube for the removal of the oil vapors. Heat is applied externally, 
and it is claimed for the process that the removal of the vapors is 
effected in such a way that they are not subjected to temperatures 
which would produce further cracking and perhaps result in the 
development of less valuable products. Мау 1, 1922, found this plant 
still uncompleted. 

The Western Shale Oil Co., on January 1, 1920, completed a single- 
unit Galloupe retort which had a rated capacity of 16 tons of shale 
a day, on its property 4 miles east of Uto switch, on the Uintah Rail- 
way near Watson. Late in 1920 the condenser house of this plant 
was destroyed by fire, but the construction of a bench of four retorts 


WYOMING, 


was well along at that time, so that the operation of the plant was 
interrupted only temporarily. 
The retort is made entirely of cast iron. It is about 20 feet high 
and consists of two principal parts, an outer stationary shell 2 feet 
in diameter and an inner core made to revolve and carry the shale 
down through the retort. The outer shell is cast in segments 1 foot 
high, each having on the inner side a series of staggered shelves pro- 
jecting about 4 inches into the center. The inner core consists of a 
segmented hollow cylinder with. staggered fins projecting about 4 
inches on the outside. These fins are so.placed that when the core 
is suspended inside the outer shell they clear the shelves by about a 
quarter of an inch. When the retort is in operation the core is 
suspended on ball bearings and revolved so that the finely crushed 
shale, which is fed continuously at the top, is scraped from each 
shelf to the one below by the fins. Each segment of the shell 
is provided with an exit tube for the vapors, so that they are 
removed to the condensers as soon as they are formed and not 
subjected to additional heat and cracked into undesirable com- 
pounds. The shale after passing down through the retort is 
carried through a shale seal and drops into the firebox below, where 
“it is completely burned before it is removed to the spent-shale dump. 
Heat from the spent-shale fire below the retort passes up inside the 
core as well as outside the outer shell and is conducted through the 
fins and shelves to the shale. Air-cooled condensers are used to соп- 
vert the vapors into liquid products. у 
The Western Shale Oil Co.’s equipment includes bunk houses, 
office, laboratory, and a well-appointed mess house. 


WYOMING. 
OIL SHALES OF THE GREEN RIVER FORMATION. 


GEOGRAPHY, 


That portion of southwestern Wyoming which is shown on the 
accompanying map (Pl. XVIII) and in which the most valuable 
shale beds occur includes the southern part of the Green River Basin 
and the western rim of the Southern Red Desert Basin. The surface 
is in most places rolling and covered with vegetation such as is 
characteristic of arid regions. Trees grow only along the streams 
and in a few small upland areas. The region is drained through Green 
| River and its tributaries except in the area adjacent to the west 
line of the State, where the run-off finds its way to Great Salt Lake 
by the way of Bear River. Steep cliffs mark the eastern margin of 
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the main basin, and the Green River valley is bordered by precipitous 
walls for several miles near the town of Green River. Altitudes range 
from 5,900 feet above sea level on Green River near Linwood to 
8,750 feet in the southwestern part of the area shown on the map. 

Green River has its beginning far to the north, in the Wind River 
Mountains, but its principal tributaries in this area, Blacks Fork . 
and Henrys Fork, rise in the Uinta Mountains south of this area, in 
northern Utah. Aside from the three streams mentioned above, 
together with Hams Fork, a tributary of Blacks Fork, and Bear River, 
there are in this area very few streams that carry water the year 
round. 

The main line of the Union Pacific Railroad crosses the area in a 
general westerly direction and is joined at Granger by the Oregon 
Short Line, which connects with points to the northwest. Rock 
Springs, Kemmerer, and Evanston, coal-mining towns, and Green 
River, a railroad division point, are the principal towns of the region. 
Several villages have been established in the irrigated district around 
old Fort Bridger and along Henrys Fork near the south line of the 
State. Many of the towns on the railroad consist of only a few houses, 
a store, and a post office. The Lincoln Highway follows in general 
the line of the Union Pacific Railroad, and good automobile roads 
connect many of the smaller towns with. the railroad and this highway. 

That part of the Green River Basin north of the Union Pacific 
Railroad has not been studied in detail, but the approximate area 
covered by the Green River formation is shown on the general map 
(Pl. D. 

The Southern Red Desert Basin in Wyoming and its possible 
extension in Colorado have also not been studied in detail. Shale 
collected by the writer on the western margin of this area suggests 
that perhaps there are beds of commercially valuable oil shale there. 

Although the data available indicate that the oil shale in south- 
western Wyoming is in thin beds and that rich shale underlies a 
comparatively small area, the knowledge of the part of the region 
north of the Union Pacific Railroad and of the Southern Red Desert 
Basin is so meager that any estimate of the amount of shale in 
Wyoming is very hazardous. However, it is thought that the total 
quantity is not less than 7,176,000,000 short tons of shale that will 
yield at least 15 gallons to the ton. Perhaps not more than 60 per 
cent of this total would be recovered, even under the most ideal 
mining conditions. 

é GEOLOGY. 


Oil-yielding shale is present in three distinct areas. The central 
area, to which the name Green River Basin is applied, is by far the 
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largest.. The Rock Springs uplift, on the east, described by Schultz," 
and related features near the Colorado-Wyoming State line, to the 
southeast, separate the ‘rnain area from the much smaller Southern 
Red Desert Basin, only the western rim of which is shown on Plate 
XVIII. On the west the Green River Basin is separated from the 
area of the Green River formation in the vicinity of Fossil, described 
by Veatch 18 as the Fossil syncline, by an anticlinal fold which the 
same author called the Meridian anticline. 

Beds of the Green River formation are only shghtly tilted in any 
part of the area shown on Plate XVIII. Along the western rim of the 
Southern Red Desert Basin the oil shale at its outerop dips as much 
as 11? NE., but it flattens rapidly toward the center of the basin. 
Along the east and west sides of the main Green River Basin the 
oil-yielding shale shows dips not exceeding 3? or 49, but in some places 
along the north flanks of the Uinta Mountains the beds of the Green 
River formation are tilted at greater angles. The oil shale of the 
Fossil syncline is practically horizontal at every point examined. 

Faults in the Green River shale were noted in only one area, but 
they may be present at many other places within the area here de- 
scribed. West of Green River, near the center of T. 15 N., R. 108 W., 
there is ап area perhaps half a mile wide and extending an unknown 
distance to the west, where the rocks are crumpled and cut by east- 
west trending faults. Оп both sides of this disturbed zone the strata 
are apparently unaffected. 

The channel sandstone of Lee,? which is the Tower sandstone of 
Powell,” forms vertical cliffs in the vicinity of Green River, Wyo., 
where it rests on an irregular surface of shale and is itself very much 
distorted, whereas the shale beneath is not deformed. 


STRATIGRAPHIC SECTIONS, 


The following stratigraphic sections were measured in southwest- 
ern Wyoming and show the general character of the Green River 
formation in the southern parts of the Green River and Southern 
Red Desert basins: 


м Schultz, A. R., The southern part of the Rock Springs coal field, Sweetwater County, Wyo.: U.S. Geol. 
Survey Bull, 381, pp. 218-220, 1910, 

18 Veatch, A, C., Geography and geology of a portion of southwestern Wyoming, with special reference to 
coal and oil: U. В. Geol. Survey Prof. Paper 56, pp. 108-110, 1907. 

19 Lee, W. T., and others, Guidebook of the western United States, Part B, The Overland Route: U, S, 
Geol. Survey Bull. 612, p. 74, 1915. 

20 Powell, J. W., Geology of the eastern portion of the Uinta Mountains, pp. 40, 45, U. S. Geol. and Geog. 
Survey Terr., 2d div., 1876. 
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Sections of parts of Green River formation in southwestern Wyoming. 


T. 14 N., В. 99 W. 
Ft. 


Sandstone, coarse grained, not massive. 
Sandstone, containing fossil shells 
Sandstone, coarse grained, thin bedded. 
Covered, probably sandy shale 
Sandstone, coarse. 
Covered, mostly shale 
Shale, papery, drab, lean 
Shale, thin, barren, and sandstone 
Shale, drab, thin, lean 
Shale, thin, drab, barren. 
Shale, thin, lean.. £ 
Sandstone, conoretionary. 
Shale, thin, lean 
Oolite and chert 
Shale, thin bedded, lean. 
Shale, thin bedded; 
weathers blue; rich... - 
Shale, gray, sandy (notin- 
cluded in sample)...... 
Sandstone, yellow (not in- 
cluded in sample) ..... 
Shale, thin bedded; 
weathers blue; rich.... 
Shale, yellow, sandy 
Shale, papery, lean 
Shale, drab, fissile 


(sample 
92; 30 
gallons). 


Shale, drab, papery 
Sandstone, oolitic. 
Shale, drab, fissile... 
Sandstone, mieaceous 
Sandstone, yellowish 
Shale, drab, thin sandstone lenses 
Sandstone, shaly, yellowish 
Shale, drab, papery, barren 
Sandstone, shaly, yellowish 
Shale, greenish drab 5 
Maroon clay shale (probably Wasatch). —————— 
EBOPOUSECULOIN ы ма uM idet alate 489 10 
Totalshale yielding 15 gallonstotheton. 
Totalshale yielding 30 gallons tothe ton. 
T. 13 N., В, 108 W. 


Sandstone, ferruginous, containing fos- 
sil shells 

Shale and sandstone. 

Shale, thin, brown 

Shale, thin, brown (sample 100; 3 gal- 


Shale, thin, brown 
Shale, hard, black, rich .. 
Shale, brown, soft 
Shale, hard, black, rich . . (sample 
Shale, brown, soft 99; 19 
Shale, hard, black, rich .. | eallons). 
Shale, brown, soft 
Shale, hard, black, rich .. 

Shale, light brown, lean (sample 98; 3 

gallons) 
Interval.... 
Shale, lean (?). 


Т. 13 N., В. 108 W.—Continued. 
Ft 


Shale, dark brown (sample 95; 13 gallons) 
Shale, thin bedded, tough... 
Shale, thin bedded, tough (sample 96; 
4 gallons) 
Shale, thin bedded, tough 
Shale, massive, light brown.. > 
Shale, massive, light brown (сид 9n 
Е iene ыы УКУК A ааа 
Shale, lean. 
Total section 
'P'otalshale yielding 15 gallons to the ton. 


Sec. 27, T. 17 N., R. 106 W. 


Shale, drab 
Sandstone, platy... 
Shale, lean 
Sandstone, brown, platy 
Shale, hard, not so rich 
Shale, hard, thin, platy 21 (sample 118; 
ак Пэн ЕКЕ ВЕЕР 
Shale, hard, dark 21 
Shale, hard, dark, rich 21 (sample 
117; 19 gallons) 
Shale, weathers to thin plates; part of 
member will yield small amount of oil. 
Covered, mostly light-colored shale or 


Clay, gray, yellow, green, and red, with 
beds of yellow sandstone. АП beds 
very lentieular. А 40-foot bed of mas- 
sive sandstone at one place splits and 
within 100 yards along its outerop is 
represented by variegated clay beds, 
with a few thin sandstones 75 


Total section. 479 10 
Totalshale yielding 15 gallons to the ton. S 1 


Sees. 17 and 19, T. 17 N., В. 106 W. 
Ft.» in. 
Sandstone, massive, brown, 
(Tower sandstone of Powell) 
Sandstone, thin bedded 
Shale, papery, gray. 
Sandstone, shaly, gray 
Shale, sandy, lean 
Shale, hard; contains fish remains (sam- 
ӘСІП” ЛА ӨШ ал емиз ы ке 
Shale, lean. 
Shale, thin, vat lenses of very rich wasy 
shale 
Shale, hard. 
Shale, hard (sample 119; 12 gallons 
Shale, hard, lean 
Shale, gray, sandy 
hale, hard, rich.. 
Shale, gray, RE thin sandstones, and 
а few 1 to 3 inch beds of rich shale. . 
aale, hard, thin, medium rich 
ale, barren.... 
1ale, medium, with large gypsum erys- 


coarse 


21 Probably same zone as lower 22 feet 8 inches of section measured in secs. 17 and 19 of this township. 


POW YOMING. 


Secs. 17 and 19, T. 17 N., К. 106 W.—Continued. 


Pi in. 
0518, thin, -barreia SAC атыс 80 
Shale, medium, with gypsum crystals. 8 
Shale, gray, вапду..................2... 26 
Shale, medium, with gypsum crystals... 1 6 
Б Сао еол т сн 10 
Sandstone, thin, gray 8 
Shale, hard, rich... 10 
Shale, gray, sandy. Jt 
Shale, hard, rich.. 2 
Shale, thin, gray, вәлду................ 9 2 
п Dar oleo. ece scene о d 10 
nta squely e ааа 118 
Sandstone, gray . 4 
Shale, sandy, greenish йг мул 2 6 
Sandstone, gray, thin bedded 3 1 
Визе; sandy, ответ... до 27 
Shale,sandy, thin bedded, gray ........ 21 
Sandstoneand shale, green,in beds 2 feet 

thiek;sandstone,coneretionary....... 58 
Shale, sandy, gray, slope... ............ 97 
Sandstone, massive, cross bedded, form- 

ing ledge and capping hill............ 5 
Shale, forming slope.................... 43 
Sandstone, rather massive, forming ledge 10 
Shale, soft, thin, platy, barren.......... 80 
Shale, medium hard, rather thin, very 

арт ae omen Prete T Caen! 
Shale, medium hard (sample 116; 4 gal- 

lons) 4 10 
Shale, sandy, lean to barren. . T 70 
Shale, medium hard, very lean. > 10 
halo. loni- ВЕЕ ЕЕ ЗБЕ ЕЕС E 4 6 

andstone, brown, persistent........... 8 
и йына 3 6 
Shale, hard to medium hard (sample 115; 

ОСАО) Sete EET E meis mei ere wv arya ore 4 6 
Shale, lean to barren. 754: 
Shaly sandstone, barren. 15 
Shale, sandy, forming slope, leon. zoe 47 
Shale, hard (sample 114, lower 4% feet; 11 

zo ot АВСАН үс а ЕЕ é 6 
Shale, hard (s 10 gallons)... . 5 3 
Shale, har 1 4 
Sandstone 5 3: 3 
Shale, fairly soft, thin LA 

КӨЗДӨН EMEN tM E. e DUOC 
Shalt, Батасыз m uuu 1 

Shale, hard, rieh (sample 111; 19 
РАВ нете ER E 5 4 

Shale, hard, rich (sample 110; 19 
gallong)..........-. een III 6 3 
Со ЕЗЕР Т. 
Shale, hard, rich......... (sample 109; 2) 8 
Salo БЕН 5 58 | 11 gallons), 6 
Shale, hard, rich......... 2%. 48) 


Total section 
Total shale yielding 15 gallons to the 


Along Bitter Creek, T. 18 N., R. 107 W. 


Ft. in. 
Sandstone, massive, brown 135 
Shale, lean to barren 5 8 
Shale, һатб........... 6 
Sandstone, brown, massive......... фен i 
Shale, lean to rich. ... 1 
Sandstone, brown, massive.... 5 
hale, Төл, рарегу-:-............--“-.? 11 


ewe iot E 
Snale, hard, rich 
Sandstone....... 
Shale, hard, dark, ..... 
Shale, brown, tough... 
Shale, hard, rich, dark.... 
SANAS OnE Pene т oct tali 
Shale, hard, rich 
Shale, hard, rich (sample 127; 18 gal- 
ее A eT 
Sandstone 
Shale, hard, rich К 
Sandstone, hard, massive............... 
Shale, hard, gray, sandy,lean to barren.. 
Shale, soft, greenish, lean............... 
Partly masked, barren gray shale and 
sandstene,with somelean papery shale 
MAMAS TOMES lois e D 
Shale, lean, soft..... 
Shale, greenish отау... 
Sandstone, thin bedded . Е 
Covered, mostly barren gray sandy shale 
with a few ledges of gray shaly sand- 
SOMO reece re ow ow ER re e dE EE CES 
Sandstone, platy . 
Shale ев ыл Ғыл ER Rte 
Covered, mostly barren рта) sandy shale, 
with a few ledges of gray shaly sand- 
stone 


sample 128;| 
7 gallons). | 


sathers papery 
Sandstone............. 
Shale; weathers papery 
Shale, gray, sandy, with layers of s aly 
sandstone 


са Y 
Shale, greenish, with brown 5 

TOUTS 2:52 аізерр бық Бан 
Sandstone, brown, with some clay shale 
Sandstone, thin, platy.................. 
Sandy shale and shaly sandstone, gray, 
parret e euge wur essa User ede EP ess 


Totals 


Sandstone, brown, coarse (Tower sand- 
stone of Powell... 
Shale, gray, sandy, and ly sandstone, 
with three beds of rich shale each 3 
inches thick in lower part.............. 
Shale (estimated yield, 12 to 15 gallons)... 
Shale, gray, sandy, and thin sandstone 
with two or three l-inch beds of rich 
ӘН Өн nct SUDDEN УШ arr reat ats a 
Sandstone, gr 
Shale, sandy, g 
Sandstone, shaly, yeliow................ 
Shale, sandy, and clay, with a few thin 
sandstone beds; color predominantly 
Оа. иаа Рае ЕТІ. 
Sandstone, green, shaly. 
Shale, gray, sandy, and thin sandstone. . - 
Shale, green, sandy, and green sandstone 
Shale, greenish drab, sandy 
| Sandstone, chalky, cross-bedded, brown. 


White Mountain, sec. 36, T. 19 N., R. 


125 


Ft. 


Along Bitter Creek, T. 18 N., R. 107 W.— Contd. 


in. 


= 5 


С о> 5 оо 0 


о о осо 


е 


126 


White Mountain, sec. 36, Т. 19 М., В. 106 W.— 
Continued. 
Ft. in 
Spale -drab За оне 95 
Sandstone, Төттісіпойв.................. 4 
Shale, sandy, gray-green, and shaly sand- 

азар Рр ГАНЕ xar ЕР 75 
Sandstone, shaly 2 
Shale, papery, lean, with 2-inch beds of 

rich shale and some thin beds of sand- 

б ШӨ tn sere е D DD ис 87 
Sandstone, with elay balls. 6 
Shale, papery, lean.. 26 
Shale, sandy, gray... 24 
Sandstone, shaly, gray, fossiliferous...... 2 
Shale, carbonaceous 8 
Clay, sandy, gray 40 
Sandstone, coarse, gray, possibly base of 

Green Riverformation................ 1. 
Clay, somewhat sandy, gray.... 55 
Shale, clay, variegated, red at top....... 33 
Sandstone, yellowish green, friable....... 30 

ОВА сагу rate е. ЖА sles 1,981 10 
Fossil Butte. 
Ft..in. 

Sandstone, shaly. - 95 
РЫШТЫ, coarse, brown. xx 3 

Shale, hard, rich, dark; ‘weathers 
blue (sample 131; 50 gallons)....... 2 
Sandstone; shally «cease eee reet Р 7 
Shale, hard, rich; weathers blue..... 1 

Alternating bands of coarse sandstone 
[reet eG) esee DOO н еее Ее 8 


Samples 467 
Railroad, in T. 21 N., R. 117 W. 
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—472. About 2 miles southwest of Fossil, Wyo., 
Green River formation. 


Fossil Butte—Continued. 


Sandstone, cherty 
Shale,lean, chalky, thin bedded.......... 
Sandstone, reddish brown.............-. 
Shale, lean, chalky, thin bedded.......... 
Sandstone, massive..........-... 
Chalk 
Sandstone, massive, yellow 
Shale. . 
Sandstone, gray (discarded). . 
Shale, hard, light brown...... 
Sandstone, light brown (dis- 
carded) 
Shale, hard, 
weathers blue 
Sandstone, yellow.... 
pa Bene brown, 


(sample 
120; 10 
gallons). 


brown, 


rich; 


Shale, эй, ОУ лауа 
Shale, hard, brown... 
Shale, white, 

tains abundant fish 

mains 
Shale, lean, thin bedded. 
Sandstone, drab.. К 
Shale, sandy.... 
Бапдвфодер008056:22..-.-......---.-.--.. 


(sample 


chalky; con- 3129; 8 gal- 
lons). 


Te- 


Total section. . E? a 
Total shale yielding 15 gallons to the ion: 
Total shale yielding 30 gallonstotheton. 


on Oregon 


Section near Fossil, Wyo. 


15 
8 
2 6 
8 6 
8 
3 2 
10 
5 
177 
1 
igen! 
X 
4 
10 
11 
6 
42-2 
18 
10 
5 
65 
250 t 
8 
3 


Short Line 


Shale forming hilltop. 
Shale; weathers purplish gray; curly laminae 
Shale, brown, calcareous а 
Shale, brown, weathering purplish. 
Shale, sandy to calcareous 
ы, brown, slightly caleareous and sandy near 
азе 
Sandstone, orange-colored.. 
Shale, fissile, dark gray 
Shale, brown, weathering purplish gray.. 
Shale, fissile, papery layers where weathered. 
Sandy Tindorito. sinks жыя e aass Cte хак жәе. 
Shale, sandy and calcareous. 
Clay 
Shale, tough, gray, with fine brown lamina 
Limestone, argillaceous, gray 


Shale, brown and gray laminae, with thin — 


stone layers 
Shale, brown, with gray laminae.. 
Clay а 


Shale, brown, laminated, calcareous, rich in fossil 


Shale, tough, brown, laminated. 
Lower strata not exposed, 


a Not included in sample, 


Nitrogen. 
Theo- 
retical 
; Oil equiva- 
one a (gallons Per cent lent in, 
fd per ton). in shale ammoni- 
"| um sul- 
phate 
(pounds 
per ton). 
m in. 
7 467 37 0.35 33.0 
10 
0) 
Tu 468 6 203 2.8 
2 
5 469 4 None. |. 
3 470 i .09 8.4 
5 471 | 
6 
2 4 
2 
9 10 
4 2 
3 6 
3 4 
7 
412 15 .14 12.9 
1 
4 2 
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WYOMING. то? 
BLACK: SHALES OF THE PHOSPHORIA FORMATION. 


Тһе rocks of the Phosphoria formation crop out in the Teton and 
Big Hole mountains along and near the Idaho-Wyoming State line 
and thence southward are to be seen in most of the mountains all 
the way to Ogden, Utah. They are present along the Salt River 
Range in Wyoming and also encircle the Uinta Mountains of north- 
eastern Utah. Throughout the region brown or black shale is 
associated with the phosphate rock in beds whose thickness ranges 
from 50 to more than 200 feet. Wherever these black shales crop 
out they were prospected by the early settlers for coal. More recently 
new 67 have been made at а few points for the mining of 
phosphate rock. Unweathered samples of the shales were obtained 
in the mines and prospects at numerous places that can be regarded 
as representative of the area. The negative results from the dis- 
tillation of the samples collected from these areas o prove that 
the black shale of the Phosphoria formation in southeastern Idaho 
and ađjacent parts of Wyoming and Utah is not oil pa there 
being pal few samples that yield as much as 1 gallon of oil to the ton. 


Sections and yield of samples from Phosphoria formation along and near Idaho- Wyoming 
State line south of Yellowstone Park. 
* 


Oil 
No. TER | (gal- 
on Locality. Section. кыз ок 1008 
тар In Г рег 
ton). 
Ft. іт 
14 | North of Vietor-Jaekson | ‘Shale, eherty................ Мел 5-- 
rond, 2 miles east of | Shale, brown, ph 5 6 422 | None. 
State line in MUS Shale and chert. Р; 
ming, T. 41 М. 119 | £ ос 2 428 | None. 
Ws; prospect о У Cote | 
shale lock mu phatic. 2 10 424 | None. 
1osphate rock, hard, bla 1 
Siu seis Жаа ДУШЕ 8-- 
05| lac. б е “outcrop | Shale, Бас: ан анааан еа 5 425 | None. 
along road on west 
side of Teton ‘Pass, 
Wyo., in Т. 41 N., 
19 W. | 
17 | Count’s ranch, upper Oups LUE Ue P 204- 
e of Snake River | В >, phos ; ; beds, all Маск; 27 8 430 | Trace, 
inyon, below mouth | shaly layers included in sample. 
of Hoback River, T.39 | Shale ЖҮ phosphate interbedded with РАР АЕ 431 | Trace. 
N., R. 116 W., Wyo. limestone; shaly layers sampled. 


Samples 450-454. Near McDougall Pass, Salt River Range, Wyo., Т. 38 N., В. 
117 W., unsurveyed вес. 16. Phosphatic black shales of Phosphoria ТБ between 
two principal phosphatic beds. Thickness of beds sampled about 17 feet. Result 
of distillation: Oil, none. The chemical composition of the phosphate beds.is shown 
in the table on page 129. 

Sample 455. McDougall Pass, Salt River Range, Wyo., T. 33 N., В. 117 W., 
unsurveyed вес. 9. Black shale 10 feet thick at top of Phosphoria formation. Re- 
sult of distillation: Oil, none. 

Sample 456. Raymond Canyon, Wyo., ХЕ. 4 вес. 6, T. 26 N., R. 120 W. Black 
phosphatic shales from prospect tunnel in Phosphoria formation. Result of distilla- 


tion: Oil, none 
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Samples 452-458. Phosphate mine in T. 24 N., R. 119 W., 1 mile northeast of Coke- 
ville, Wyo. Black. shale associated with phosphate bed of Phosphoria formation. 
Thickness of beds sampled about 4 feet. Result of distillation: Oil, none. 


MISCELLANEOUS SAMPLES. 

Samples 464—465. Half a mile east of phosphate mine near Cokeville, Wyo., in 
T. 24 N., В. 119 W. Impure coal and bony shale in Bear River formation. Sample 
464 from bed 3 feet thick; sample 465 from prospect dump. Results of test: Sample 
464, oil, 1 gallon to the ton; sample 465, oil, 1 gallon to the ton. 

Sample 466. Impure bony coal in Bear River formation at abandoned slope mine 
near Sage station, Wyo., in T. 21 N., В. 119 W. Sample taken from dump. Result 
of test: Oil, 11 gallons to the ton; nitrogen, 0.65 per cent, equal to 61.2 pounds of 
ammonium sulphate to the ton. 

Sample 428. Abandoned coal mine at Almy, about 4 miles northwest of Evanston, 
Wyo., in T. 16 N., В. 120 W. Sample includes 5 feet of impure coal and black shale 
above main coal bed. Cretaceous age. Results of test: Oil, 5 gallons to the ton, 
nitrogen, 0.51 per cent, equal to 47.8 pounds of ammonium sulphate to the ton. 

Sample 219. Shale, collected along road from Raymond to Snells, on Crooked 
Creek, in sec. 33, Т. 58 N., В. 95 W., Big Horn County, by С. J. Hares, near base of 
Thermopolis shale (Upper Cretaceous). Results of distillation: Oil, none; ammo- 
nium sulphate, 4.16 pounds to the ton. ) 

Sample 220. Shale, collected north of Beer Mug Ridge, near Hanna, by ©. Е. Bowen, 
October 1, 1915, from Mowry shale (Upper Cretaceous). Results of distillation: Oil, 
1 gallon to the ton; ammonium sulphate, 1.4 pounds to the ton. 


RESULTS OF DISTILLATION TESTS. 

Of the 68 samples of shale and, carbonaceous materials from 
Wyoming 45 represent material from the Green River formation, 
showing а maximum yield of oil of 50 gallons to the ton; 15 samples 


represent black shales of the Phosphoria formation, none of which 
showed more than a trace of oil when distilled. None of the samples 
of miscellaneous materials proved particularly interesting. 


Results of distillation of shale and coal samples from. Wyoming. 


Theo- 
ша retical 
of am- equiva- 
= y — Yield | mo- lent of 

dd of ol | nium | Nitro- | nitro- 
пао per | sub | cen pm | gen in 
ud short | phate ale ammo- 
Material ud Specific ton of | рег “| nium 

С ` igravity. shale. | short sul- 

ton of phate 
shale. per ton 
of shsle. 


; Gravity of oil 
Location. at 60° F. 


Baumé. 


Gallons.|Pounds.|Per cent|Pounds. 
Green Shale, Green 29 9.0 


River forma- 


= 
оњ 
Sit ID ROMO 


CK С О 55 


МО н Ко CY O2 CU Gt Сл КО нь Ot 
со 
[ou 


Hm 
Nee va 


AERO SNP Noe фо 


ae 


а Hand specimen collected by W. Т. Lee. ә 
b Collected by А. R. Schultz from fissile shale described as Wasatch іп U. S, Geol. Survey Bull. 381, 
p. 222, 1910, and as Tipton shale member of Green River formation in Bull. 702, pp. 30-31, 1920. 
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Results of distillation of shale апа coal samples from Wyoming—Continued. 


T Gravity of oil 1 Theo- 
Location. at 60° F. Yield retical 
of am- equiva- 
ie 1 Thick. а mo lent of 
Sam- | ness of of oil | nium Nitro- | Bitro- 
ple | | shale per sul- көшіп |20018 
No. | | sam- | пресво nun p Siig eum d 
Sec. | Т. 4 aterial. 1 | Бресбе: > НІШ рег nium 
526 1 R Material pled. gravity. Baumé.| shale. | short sul- 
| ton of phate 
shale. perton 
of shale 
3 Е. іт. | е Gallons.| Pounds.) Рет сеп Pounds 
107 | 36| 16 N. | 108 W. Shale, Green 5 3 1 0.9022 | 25.18 21 VCO ore maa ae citm 
River forma- 
: tion. 
108 36| 16 М. | 108 W. . 807 5. 
109; 171 17N. 06 W. 9 ‚8798 
110 ОТЕ Ne 106 №. 3 . 9190 


4 9111 
1 ‚9075 


> | 1007 W 
ШӘ) о ОО, 106 МУ 
118 И. | LOS We 
114 17 | 17 N. | 100 W. 
115 17| 17 N. | 106 W. 
116 17 17 N. | 106 W. 
ШУ?! 27 | 16 N. | 106 W. 
118 27 | 16 №. | 106 W.|.. 


57 
x 
2, 


1 . 9003 
6 .9120 


Сл C1 Ct O6 н» jii сл ©л бл OS OT О 
e 


даем EIN робо o po nc goto en 


119 19 17 N. | 106 W. . 8963 

120| 19| 17 N. | 106 №. . 8702 

121| 16 17 N. 06 W. 4 . 9456 1 

122 | 9| 17 N. | 106 W. 7.3 . 9077 

123 | 9| 17 N. | 106 W 6 6 . 9197 

124 | 8| 18N. 107 W 5 9 „9027 

125 8| 18N. | 107 W 3 31 . 8800 

126 8| 18 N. | 107 W. 138 . 9182 1 

127 24| 18 N. | 107 W.|.. 63 ‚9148 

128 24 18 М. | 107 W.|.. 24 8862 

129 5| 21N. | 107 W. Шат, 8705 

130 5| 21 N. | 107 W.|.. 5 8837 ` 

131 | S EN ПИО МУ 50 ПОЗЕ ЕТЕУ Жу; . 8889 1. 

219 83.| 358 3-1 95 Wa] Shalejr7-. Ties |22522: 4. 
mopolis shale. 

DIETE TP. dusk] d qua v Shale, Mowry | ЈЕ... Ж е н 60 | cte, 
shale. 

ДОХ ВВ, „АА К Бб inl. recuerda Ere o eon Моего ета аара 
phoria forma- | | 
tion. 

ашына tel лке Балқаш ode Nei дайт mid 

119 W. Хопе. 

119 W. .| None. 

116 W. .| Trace. 

116 W. „| Trace. 

LW None. 

TW. None. 

117 W. None. 

117 W. None. 

117 W.| Phosphate rock, None, 
Phosphoria 
formation. 

| LT Vent SMe ESN Saat OME БА Selden tle е Қанар әкет еее; чн Ази Ач 
| phoria for- * 
mation. 

120 W. None. 

119 W. None. |... 

119 W.|. None. 

119 W. 1 
Bear River 
formation. 

19 УУ. eus Д0» > әсем) 1 

119 W.| Shale, Bear 11 
River forma- 
tion. 

ДОЛГ ылады DEN PLLA WeSbale, Greeny 20... Зе rasa | «95 33.0 


River forma- 


21 N. | 117 W. ү! 
21 N. | 117 W. |. 5 
21 N. | 117 W.|. 3 
2I NS Sb АЕ Ё 5 
21 N. | 117 W. 8 6 
21 М, | 117 №. 5 


93613°—23—Bull. (29---9 
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DEVELOPMENTS. 


Several companies hold shale-land claims in the vicinity of Green 
River and Fossil, Wyo. No one, however, so far as the writer is 
aware, has installed a retort for the manufacture of shale oil. 


SHALE OIL. 
CHARACTER. 


On the assumption that the oil obtained from oil shale is manu- 
factured from materials the greater part, at least, of which are not 
and never have been petroleum, it is evident that the character of the 
shale oil must de raw 
materials, and second, the conditions existing in the retorts when 
the shale oilismade. In the Rocky Mountain region there are several 
different kinds of material from which it is possible to make oil— 
massive bedded brown shale, paper shale, thinly laminated velvet 
shale, massive jet-black shale with conchoidal fracture, cannel coal, 
etc.—but in the opinion of the writer these physical differences in the 
shale are due largely to accidents of deposition, and the material from 
which the oil is made is essentially the same in most of the shales and 
therefore will have much less influence upon the products of distilla- 
tion than the conditions of pressure, temperature, etc., in the retort 
where the oil is manufactured. However, 16 is known that the yel- 
lowish-brown massive shale from Elko, Nev., will produce oil that is 
radically different from that obtained from the ordinary rich dark 
shale of the Uinta Basin when subjected to the same conditions of dis- 
tillation, and also that in the distillation of the older shales of the 
Phosphoria formation oil is not produced until much higher temper- 
atures are reached than are required to begin the distillation of oil 
from the Green River shales, indicating that i in these older shales the 
lighter products of distillation have already been formed and set free 
by nature. Oil from the older shales has a much higher specific 
gravity than any of the oils from the Eocene shales. Doubtless, 
when subjected to the same treatment, the various types of rich 
shale that are present in any one locality will yield oil of somewhat 
different properties. However, it is very easy to change the physical 
and chemical character of the product from any one shall sample by 
changing the rate of heating, and it is probable that a slight change in 
pressure in the retort DNE have as decided an effect upon the hit- 
acter of the oil produced. 

It has been proved by a number of independent investigators 25 
that in the distillation of oil shale the primary product is a “solid or 
semisolid bitumen” which is formed within a comparatively narrow 


214 McKee, В. H., and Lyder, E. E., Thermal decomposition ofoil shales: Columbia Univ. Eng. and Sci. 
Papers, Aug. 1, 1921, pp. 1-32. Gavin, М. J., personal communication. 
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range in temperature (about 400° C.) and that the petroleum products 
obtained in the ordinary distillation of oil shale are the result of the 
cracking of this primary substance. 

Inasmuch as there is as yet (July, 1922) no shale retort of commer- 
cial size in operation on American oil shales, there is of course no 
shale oil that may be considered as typical of the shale oil which is to 
be made in such plants when they are established, and whatever 
data are available as to the physical and chemical pr operties of Amer- 
ican shale oil are taken from a study of the oil produced in the small 
experimental retorts and in the testing apparatus used in the field 
and in the laboratory. These data are of course interesting in giving a 
suggestion of the character of the shale oil that may be expected, but 
the figures and generalizations are at their best only very rough 
approximations. Shale oils obtained. under these uncommercial 
methods are reddish brown, range from semisolid (vascline-like) to 
free- ш ing liquid oils, and show a range in specific gravity from 
0.84 (35.7? Baumé) (Elko) to 0.975 (13.6? Baumé) (Dillon). Most 
of the + from shales of the Green River formation show а gravity 
of about 27? Baumé. Ка ане of shale oils obtained in the 
field stills gives the following analyses 


Results of fractionation of shale oil. 


[Shales collected by D. E. Winchester and. distilled in small field retort.] 


: - 
Sample Мо...........------- 4 6 10 18 19 27 | 32 51 57 
Begins to boil at (°С.).. 80 52 50 70 72 | 65 80 | 70 54 
Distillation (cubie centime- H | | 
6 10 2 2.5 2 4 | 2.5 T 4 
2 55 8.5 1 1 1.5 | 8.5 1 2 
2 1.5 6.5 2.5 8 1.5 4,51 1 3 
10 | 1 12 6 11 ШІ ДЕТІ БЕ: 9 
[| 2 8 6 ӨЗГ ШЕТІН? ien. 5 
2 4 6 5 5 3 5 4 4.5 
5 4 7.5 5 5 4 6 4 5 
я 7.5 6 7 5 5 5 8 6 5 
БР ТООБОО! 1.522216 6 6 7.5 7 7 7 8,5 6.5 " 
ОТЫР ОЗДОР нь 6 10 19 7 7 17 9 18 12, 
Total Кегозеле......... 98.5| 32 49 3b | 320) № | 4058) 85.5 885 
Total distillate......... 88.5 44 61 4l. | 46.5 46 | 58 44.5 47.5 
Total residuum... -...- 61.5 56 39 59 58.5 504 | 47 51.5 52.5 
Amount of oil used . .. ....... 100 100 100 100 100 100 100 96 100 
Specific gravity at 60° F.: x 1 
рейсі T еее 0.8937 | 0,8820 | 0,9188 | 0.9290 | 0.9327 | 0. 8946 | 0. 8838 | 0.9126 | 0.9126 
Gasoline.....- . 7947 .7769.| .8090 . 7974 . 8202 . 7849 . 7568 5 7838 . 7605 
Kerosene......- .8602 | .8466 | .8260| .8742| .8876| .8722| .8524 . 8682 . 8538 
Residuum............--- .9605:.| .9643 | .9884] .9894 | 1.0160 | .9684| .9868'| .9695 . 9628 
Asphalt.percent b осш 1.85 282 2,82 4.10 3. 02 2.49 47 1.40 1. 08 
Pala oes РЕД те 4 s do. 7.70 6.93 2.22 3. 72. 1.63 4.56 4.70 9.21 4.00 
Sulphur.. „ао... 54 Па АЛАДЫ а ЫШ .73 1.42 41 .69 
Nitrogen.... 1.848 887 | 2.198 | 1.549 | 1.643 | 1.207 | 1.840 | 1.820| 2.135 
Unsaturated liydrocar pons: 
Crude......... Uer GOD oasi miscet s t 82 86 ICA PS Me Ын ер.» Rel 
Kerosene.. do-..-| 55 55 64 71 71 61 57 62 58 


------------------------------------------------------------------ 
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Results of distillation by standard method of the oils obtained in the field tests. 


[Shales collected by E. б. Woodruff and distilled in large field retort.] 


Unsaturated 
Distillation by Engler’s method, by volume. | hydrocarbons 
(per cent). 


Serial] Location ° knezann? c " 
46. е), То 150° С. | 150°-300° C. | Residuum. 


Cubic| Spe- |Cubie| Spe- |Cubie| Spe- |Crude. 
leenti-| cific |eenti-| ciñe |centi-| cific 
)| me- | grav- тау: grav- 
| ters. | ity. ity. ity. 
| 


|0. 8020 


Kimball Creek... .| | 8700 


Parachute Creek. .| 


Conn Creek, No. 1.| 


Conn Creek, No. 2.| 


AA TANOD ca 25 


Shale from Whis- 
ky Creek. 


с› сло ал О4о нњ OU © 


An examination of these results shows that the oil manufactured 
in the small field retorts, where the temperature was more nearly 
under control than in the larger retort, heated over a wood fire, gave 
a slightly larger percentage of gasoline or distillate up to 150° C. 
In the same samples the kerosene cut ranged from 28.5 to 49 per 
cent, and the paraffin from 1.63 to 7.7 per cent; the asphalt in every 
sample was less than the paraffin. Тһе sulphur and the nitrogen in 
the oil averaged 0.81 and 1.69 per cent, respectively. 

These figures indicate that probably commercial shale oil will be 
of a paraffin base—that is, it will contain more paraffin than asphaltic 
compounds—and that it will contain both nitrogen and sulphur 
compounds. If the latter are present in sufficient quantity they may 
be a great detriment to the oil, and the nitrogen existing in a free 
state or as certain organic nitrogen compounds will lessen the value 
of the oil. The fact that the percentage of nitrogen in the shale 
increases in direct relation to the oil-yielding capacity of the shale 
indicates that the nitrogen compounds as well as the oil are produced 
from the organic constituents of the shale. In the commercial treat- 
ment of the oil shales it will be possible and perhaps practicable to 
convert the nitrogen into some compound that will be of value, as 
is done in Scotland, where thé nitrogen is converted into ammonia 
and recovered from the permanent gas as ammonium sulphate. 

Woodruff and Day ? reported the presence in shale oil of “pyridine 
compounds easily extracted from the shale oil by dilute acids,” and 
it has been suggested that these compounds may occur in sufficient 
quantity to be of value as such. Fifteen samples of oil from shale 


2: U. 8. Geol. Survey Bull. 581, p. 7, 1915. 
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distilled in the field apparatus prior to the 1916 field season were 
therefore submitted to the Bureau of Mines for study. The.samples 
were chosen to represent wide geographic distribution, as well as 
great range in character of shale. The following fabie gives data 
relative to a жағасы. and the results of the chemical determinations, 
made by D. T. Day, of the Bureau of Mines. 


“Pyridine compounds” in dry distilled shale ой. 


Locality. Olax 
аита sul- 
Nitrogen | Yield of Pyridine | ae 
Sam- in origi- | oil (gal- | Specifie onde ial SEDES 
ple nalshale| lons per | gravity 1 1 3 Г 
Хо (рег болог | ofoil.a | Ol (per jin distilla- 
Баек aus R. State. cent) hale) ш cent by | tion of 
. share). weight,)¢ shale 
(pounds 
per ton).a 
0. 8998 7.0 
8870 4.1 
9090 5.4 
‚9052 (в) 
.8(45 6.9 
9021 2,38 5.0 
8727 6.13 7.8 
8866 3. 47 5.5 
. 8914 4. 64 4.1 
‚8709 2.85 8.9 
. 8994 2.26 | 5.7 
8702 4.35 7.9 
. 8705 8.91 pie 
8889 2.36 2.0 
8449 1.25 4.5 


а Determinations by Bureau of Tt D. T. Day, chemist. 
b Not determined. 
c Collected by David White from a point near Elko, Nev. 


2; 


The percentage of “pyridine compounds" is large for the samples 
tested. Itis suspected that the distillation of shale with the injection 
of steam into the heated retort will convert a considerable part of the 
nitrogen (here present in the oil as "pyridine compounds") into 
ammonia in the gas, which will be reclaimed as ammonium sulphate. 
Here again is needed research to determine the effect of steam on the 
nitrogen of the shale and the relative cost and value, as end products, 
of ammonia sulphate and the “pyridine compounds" produced by 
the dry distillation of oil shale. 


REFINING. 


The refining of shale oil promises to be a rather complicated process, 
as the oil must be distilled many times in order to separate successfully 
the different ingredients, which have varying degrees of volatility and 
specific gravity. A small amount of “shale spirit” may be obtained 
from the permanent gas derived from the orignal distillation, but 
most of the valuable hydrocarbon products will be produced from the 
shale oil itself. The diagram reproduced in figure 4, compiled by 
Н.М. Cadell,? shows the products of the various stages of distillation 


23 Cadell, Н. M., The story of the Forth, 1913. 
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roughly in proportion to the amount of the product and illustrates 
briefly the complexity of the refining industry as well as the variety 
of produets derived from the oil shale of Scotland. Although the 
produets of the American oil-shale industry will doubtless be different 
from those obtained in Scotland, where the profit is derived largely 
from liquid and solid products, and also different from those of New 
South Wales, where the “shale” is used largely in the manufacture 


1 
; CRUDE A) [B coke 
NEM: NAPHTHA ` Ter 
SPIRIT E а 
FUEL 


REFINED 
OIL-SHALE NAPHTHA RECOVERED 
PRODUCTS ACID TARS 
Gas (mainly-used as fuel) - SEN. 
Crude oil 5 gc 
Sulphate ofammonia i: REFINERY 
Chrysene HEAVY Т 
Naphtha RESIDUES 
Motor spirit or petrol ' HEAVY Olt 
Gas oil С | & PARAFFIN 
Burning oil No, t 
Burning oil No..2 
. Light oil ТӨТЕН» 
. Blue oil MEDIATE 
.. Heavy. oil о. 
‚ Lubricating oil 
; Paraffin wax 
Tar 
16. Coke 
A - Sulphuric.acid recovered from tars 
V- Vitriol or pure acid added to A in nud parafiny CANDLE 
making ammonia sulphate L] и sweated | WAX FACTORY 


MATCH OIL! SEMI- 
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FIGURE 4.—Diagram illustrating processes of manufacture in the Scottish mineral-oil industry. 


of gas, the variety of the American products may be large. It is 
quite probable that products of especial value will be discovered dur- 
ing the chemical research which should precede and accompany the 
development of an oil-shale industry in the United States. 


ORIGIN. 


Although the oil shales of different countries and areas vary con- 
siderably in character and composition and the oil obtained by the 
distillation of oil shale may not be derived from the same source, 
there seems to be ample proof that the oil from the oil shale of the 
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Green River formation is largely obtained by the destructive dis- 
tillation of the partly bituminized vegetable. matter contained in 
the shale. It has been argued by some authors™ that the oil is not 
indigenous to the shale from which it can be distilled but was formed 
elsewhere and then migrated to the shale, where it has become ad- 
sorbed and inspissated, so that it can not be extracted by solvents of 
petroleum but must. be obtained by destructive distillation. 

Steuart 25 has suggested that “kerogen” (the oil-yielding sub- 
stance of oil shale) has been produced: from organie matter by the 
action of microbes under special circumstances, the products being 
dependent on the microbe, or that “kerogen” may be the remains 
of certain kinds of vegetable matter, perhaps little altered, the pro- 
duct being dependent on the kind of original organic material. It 
is the present writer's opinion that to the type of original material 
is due, at least in large part, the transformation into oil-yielding sub- 
stance rather than into coal. 

An examination of the shales of the Green River formation has 
shown that invariably the shale showing the larger percentage of 
vegetable débris will yield the most oil and vice versa, and that shale 
beds occurring between beds of rich oil shale may be equally com- 
pact and fine grained and yet yield no oil on distillation. There 
appears to be no reason why oil migrating into the shales should not 
penetrate all alike, and the oil might be expected to follow the beds 
of least resistance—that is, the coarser beds of sandstone which are 
interbedded with the shales. It is true that there are beds of sand- 
stone which are locally saturated with asphalt, but there are also 
persistent. beds of sandstone adjacent to rich oil-shale beds and even 
lenses of sandstone completely surrounded by good oil shale which 
show no signs of oil or asphalt. It seems certain that if the oil had 
migrated into the shale such porous sands would contain at least 
small quantities of oil that might be obtained by distillation. 

That oil as such is present in the Green River oil shale is proved 
by the odor of petroleum given off by rock that is freshly broken and 
also by the fact that some oil may be dissolved out of the richer shales 
by ether, carbon bisulphide, etc., and it is possible that an even 
larger percentage has existed as oil but is now inspissated and has 
been adsorbed by the shale particles. The fact that after treat- 
ment with carbon bisulphide continuously for a period of three weeks 
oil shale was still capable of yielding on distillation oil that was not 
extracted by the solvent indicates that probably earth processes 
have not completely converted the vegetal matter to petroleum. 


u Cunningham-Craig, E. H., Origin of oil shale: Roy. Soc, Edinburgh Proc., vol, 36, pp. 44-86, 1916, 
Coste, Eugene, Oil shales of Elko, Nev.: Am, Inst; Min. Eng. Bulli, pp. 1403-1404, 1914. 

25 Steuart, D; R., The chemistry of the oil.shales: The oil shales of the Lothians, 2d ed., рї, 3, p. 164, Scot- 
land Geol, Survey Mem., 1912. 
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In examining the papers of Dr. C. A. Davis since his death the 
writer discovered the following notes, which indicate his ideas as to the 
origin of the oil in oil shale after returning from the field in 1914: 


RELATION OF BITUMINOUS COMPOUNDS TO MINERAL MATTER IN THE OIL SHALE OF 
THE GREEN RIVER FORMATION. 


[Notes by C. A. Davis, dated Oct. 30, 1914.] 


The shale is composed of organic matter, bituminous matter, and mineral matter. 
The amount of bituminous matter increases as the mineral matter decreases—that ін, 
it increases with the increase of organic matter in the shales. However, it needs only, 
a casual inspection of the shales in place to see that the beds run very irregular in min- 
eral matter; the rich shales are very compact and almost as impervious as rubber, 
being made up of what seem to have heen partly decomposed remains of minute 
plants, algae, fungi, spores, pollens, bacteria, etc., embedded as a jelly-like mass; 
between these there are few, if any, interspaces, and such grains of mineral matter as 
are present seem to be firmly embedded in this jelly-like mass. Some thin sections 
show the silt to be exceedingly fine and in thin laminae which are much thinner than 
the laminae of combustible material of the section. In fact, the mineral part of the 
rich bed is physically so minute that if it were the sole original material into which the 
bituminous matter was injected, the intrusion must have greatly distorted the beds 
overlying the invaded beds, but even where the layers are very thin no such dis- 
tortion is observable. If the invasion by the bituminous matter occurred while the, 
beds were still forming and the grains were free to move, it would be necessary to assume 
that the silts were dry, a possibility that seems barred by the great number of algae 
and other water plants present in the deposit. If the silt and sandy layers were dry 
it is also difficult to see how the finer, more compact layers absorbed and retained so 
much more bituminous matter than those containing larger grains and having a large 
number of capillary interspaces, for although a given volume of clay will hold more 
water than the same volume of sand, it is evident that the rich beds in these oil shales, 
volume for volume, contain a vastly smaller amount of mineral matter than the leaner 
sandy beds. If, on the other hand, the bituminous matter originated in the highly 
organic beds and has begun to migrate under pressure or other factors, the most obvious 
place for it to be stored first would be in the adjacent more sandy beds, and from thig 
theory it would be expected that the more sandy beds would yield larger percentages 
of more volatile petroleum than the others. If, however, the bituminous matter is 
held in the partly bituminized organic matter seen in an incompletely decomposed 
state іп the shale, heat might decompose the parent fossil material, and petroleum in 
quantities proportionate to the percentages of the plant remains might be produced, 
and from both kinds of shale the product would be essentially the same, These facts 
seem to be developed in reported tests. 


OIL-SHALE LAND. 


A large part of the valuable oil shale of the western United States 
is on Government land, at the present time about 896,000 acres in 
Colorado, 2,696,000 acres in Utah, and 460,000 acres in Wyoming 
being classified as mineral land chiefly valuable for its oil shale. The 
lands во classified, with the exception of two relatively small areas, 
one each in Colorado and Utah, which have been set aside for the 
use of the United States Navy and comprise only about 3 per cent 
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of the total area, are open to nonmineral entry (homestead, ete.) in 
accordance with the act of Congress dated July 17, 1914, and to 
lease for their oil shale in accordance with the act of Congress dated 
February 25, 1920. Under the act of July 17, 1914, the mineral 
deposits in all entries are reserved for separate acquisition under the 
Mineral-land laws, and under the leasing law passed February 25, 
1920, а maximum area of 5,120 acres of oil-shale land may be leased 
by certain individuals or associations of individuals for indetermi- 
hate periods upon such conditions as may be imposed by the Secre- 
tary of the Interior. 

Naval oil shale reserve No. 1, Colorado No. 1, comprises 45,444 
acres in Tps. 5 and 6 S., Rs. 94 and 95 W. sixth principal meridian, 
and lies оп the north side of Grand River between Rifle and Grand 
Valley. Хауа! oil shale reserve No. 2, Utah No. 1, comprises 86,584 
acres in Tps. 12 and 13 S., Rs. 18 and 19 W., and lies between Hill 
Creek and Green River about 25 miles west of Watson, Utah. (See 
map, Pl. XVI.) 

The following regulations concerning oil-shale leases were ap- 
proved by the Secretary of the Interior 2 March 11, 1920: 


DEPARTMENT OF THE INTERIOR, 
GENERAL LAND OFFICE, 
Washington, D. C., March 11, 1920. 


REGISTERS AND RECEIVERS, 
UNITED STATES LAND OFFICES. 

Sms: Section 21 of the act of Congress approved February 25, 1920, entitled “An 
act to promote the mining of coal, phosphate, oil, oil shale, gas, and sodium on the 
publie domain," authorizes the Secretary of the Interior to lease any deposits of oil 
shale belonging to the United States, and the surface of such lands эз may be neces- 
ғағу for the extraction and reduction of the minerals ieased. The following rules and 
regulations will govern the issuance of such leases: 

1. Qualifications of applicants.—Pursuant to section 1 of said act, leases may be 
made to (a) a citizen of the United States; (b) an association of such citizens; (c) a cor- 
poration organized under the laws of the United States, or of any State or Territory 
thereof, provided that no stockholders are citizens of nonreciprocating countries, as 
provided in section one of the act; or (4) a municipality. 

2. Lands amd deposits to which applicable.—The lease may include such deposits and 
the surface of so much of the land containing same, or of land adjacent thereto, as 
may be required for the extraction and reduction of the leased minerals, the aggregate 
area not to exceed 5,120 acres. 

Such leases may not include lands or deposits in (а) national parks, (b) forest reserves 
created under the act of March 1, 1911 (36 Stat., 961), known as the Appaiachian 
forest reserve act, (c) lands in military or naval reservations, (d) Indian reservations, 
or (e) ceded or restored Indian lands the proceeds from the disposition of which are 
credited to the Indians. 

All permits or leases for the exploration ior or development of oil or gas deposits 
under this act within the limits of national forests or other reservations, or withdrawals 
to which this act is applicable, shall be subject to and contain such conditions, stipu- 


26 General Land Office Cire. 671, 1920. 
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lations, and. reservations.as the Secretary of the Interior shall deem necessary for the 
protection of such: forests, reservations, or withdrawals, and the uses and purposes 
for which created. 

3. Form and contents of application.—Applications for leases must be under oath 
and should be filed in the proper district land office, addressed to the Commissioner 
oi the General Land Office. No specific form. of application is required, and no 
blanks will be furnished, but it should cover in substance the following points: 

(a) Applicant’s name and address. 

(b) Proof of citizenship of applicant, by affidavit of such fact if native born; if 
naturalized, by a certified copy of a certificate thereof in the form provided for use in 
public-land matters, unless such copy is on file. IT the applicant is an association 
each member thereof must show his qualifications as above stated; if a corporation, 
& certified copy of the articles of incorporation must be filed, together with evidence 
that none of its stockholders are citizens of another country the laws, customs, or regu- 
lations. of which deny similar or like privileges. to citizens or corporations of this 
country; if a municipality a showing of (1) the law or charter and procedure taken 
by which it has become a legal body corporate; (2) that the taking of a permit or lease 
is authorized under such law or charter; and (3) that the action proposed. has been 
duly authorized by the governing body of such municipality. 

(c) А statement that the applicant has no lease under the provisions of this section, 
nor any other application for lease thereunder pending, and that he does not hold 
interests in such leases or applications which, with the land applied for, will exceed 
5,120 acres. 

(d) Description of land for which the lease is desired, by legal subdivisions if sur- 
veyed, and by metes and bounds if unsurveyed, in which latter case the description 
should be connected to some corner of the public-land surveys where practicable, or 
to some permanent landmark. If the land is unsurveyed, the applicant, after he has 
been awarded the right to a lease, but before the issuance thereof, will be required 
to deposit with the United States surveyor general of the State where the land is 
located the estimated. cost of making a survey of the lands, апу balance remaining after 
the work is completed to be returned. This survey will be an extension.of the public- 
land surveys over the tract applied for, the leased land to be conformed to legal 
subdivisions of such survey when made. 

(в) Evidence that the land is valuable for its oil-shale content, except so much 
thereof as is necessary for the extraction and reduction of the leased minerals, with 
a statement ая accurate as may be of the character and extent and mode of occurrence 
of the oil-shale deposits in the lands applied for. 

(f) Proposed method, so far as determined, as to the process of mining and reduc- 
tion to be adopted, the diligence with which such operations will be carried on, and 
the contemplated investment in reduction works and development, and the capital 
available therefor. 

(9) The application shall be accompanied Бу a notice for publication, in duplicate, 
prepared for the signature of the register, in substantially the following form. 


“Serial No. ——. DEPARTMENT OF THE. ÍNTERIOR, 
U.S. LAND Orrick AT ———, 
——— —— 19—. 


“Notice or АррОАЛТОН FOR Om SHADE LEASE. 


“Notice is hereby given that in pursuance of the act of Congress, approved Febru- 
ary, 25, 1920, —— — ——— whose post-office address is ——— has made application 
for oil-shale lease covering the following described lands: 

“Any and all persons claiming adversely amy of the above-described: lands are 
required to file their claims in this office on or before ————; otherwise their claims 


will be disregarded im the granting of such lease. 
= Ам” 
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The register will fix the time within which adverse or conflicting claims may be 
filed at not less than 30 nor more than 40 days from first publication. 

4. Disposition of application.—(a) The application will be given the current serial 
number by the register and receiver, noted on their records, and the notice for publi- 
cation will be signed by the register. 

(b) One copy of the signed notice will be delivered to the applicant, who will cause 
the same to be published in a newspaper to be designated by the register, of general 
Cireulation and best adapted to give the widest publicity in the county where the 
land is situated. If the land isin two or more counties, notice must be published in 
each. Notice must also be posted in the local land office during the period of publi- 
Cation. 

(в) At the expiration of the period of publication the application, together with 
evidence of publication and posting in said office, should be promptly transmitted 
by the register and receiver to the Commissioner of the General Land Office with a, 
Statement. of the status of the land involved as to conflicts, withdrawals, protests, and 
any other matters that may be necessary to determine the availability of the land or 
deposits therein for lease. 

5. Action on application.—As the area and form of lands leased hereunder is entirely 
discretionary with the Secretary of the Interior, if the area applied for is considered 


too large, or the form unsatisfactory, or in case of conflicting applications, the appli- 
cation may be held for rejection, but the applicant given an opportunity to amend 
his application in conformity with requirements. Should the application be found 
Satisfactory by the Commissioner of the General Land Office, he will submit it to the 
Secretary of the Interior with à recommendation that a lease for the described lands 
be awarded the applicant. If the right to a lease be granted, the applicant will be 
required, within 30 days from notice, to рау the rental of 50 cents per acre for the 
first year, which the receiver will carry in his unearned account, until the lease is 
acted upon, and to furnish a lease duly exeeuted on his part, which lease will be 
substantially in the following form: 
6. Form of lease.— 
“DEPARTMENT OF THE INTERIOR, 

“Serial No. ——. «17, S. LAND Orrrom AT ——, 


“Оп-ӘнАа,в LEASH. 


“ Date—Parties.—This indenture of lease entered into in triplicate this —— day 
of — ——, 192-, by and between the United States of America, acting in this behalf 


by the Secretary of the Interior, party of the first part, hereinafter called the lessor, 
and — ————, party of the second part, hereinafter called the lessee, under and 
pursuant to the act of Congress approved February 25, 1920, entitled ‘An act to pro- 
Mote the mining of coal, phosphate, oil, oil shale, gas, and sodium on the public 
domain,’ witnesseth: 

“1, Purposes.—That the lessor in consideration of the rents and royalties to be paid, 
and the covenants to be observed as hereinafter set forth, does hereby grant and lease 
to the lessee the right and privilege to mine and dispose of all the oil shale or the 
products théreof that may be mined under the terms of this lease from the following- 
described lands ——, containing ——— acres, together with the right to construct 
thereon all such works as may be necessary or convenient for the reduction of such 
shale and the preparation of its oil or other contents for market. 

2. Subject to limitations of act.—It is expressly understood that this lease is granted 
Subject in all respects to the conditions, limitations, and provisions of the act under 
which this lease is made, which act, so far as it relates to oil shale, is hereby made a 
part hereof to the same extent as if incorporated herein. 

3. Rights reserved.—The lessor expressly reserves the right to grant, upon such 
terms as the Secretary may determine to be just, such easements or rights of way, 
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including easements in tunnels, upon, through, or in the lands leased, as may be 
necessary to the working thereof, or of other lands containing coal, oil, oil shale, 
phosphate, gas, or sodium, and the treatment or shipment of any of the products of 
such lands by or under authority of the United States, its lessee or permittee, and 
for other publie purposes. 

“4, The lessee, in consideration of the lease of the rights and privileges aforesaid, 
hereby covenants and agrees as follows: 

“(а) Investment.—To invest in mining operations, reduction plants, or other equip- 
ment for the mining and reduction of the minerals leased, as follows: That is to say 
[Fere give detailed description of proposed reduction plant and other equipment or works], 
upon the lands included herein the sum of — dollars, of which sum not less than 
one-fifth be expended during the year succeeding the execution of this instrument, 
and a like sum each year for the succeeding four years, unless such amount may be 


sooner invested. 

“(6) Bond.—To furnish within thirty days alter signature of the lease a bond іп 
the sum of one-half the amount to be expended cach year, conditioned upon the 
expenditure of such sum within said period, and submit annually at the expiration 
of each year for the said period an itemized statement as to the amount and character 
of the expenditure during said year. 

*(e) Annual rentals.—To рау as an annual rental, for each acre or part thereof 
covered by this lease, the sum of fifty cents per acre each year during the lile of 
this lease, all such annual payments of rental to be paid in advance to the receiver 
of the proper local land office on the anniversary of the date hereof, and to be cred- 
ited to the first royalties becoming due hereunder during the year for which rental 
was paid, unless during any of the first five years of the existence of, the lease the 
lessor waives the payment of royalty or rental. 

“(4) Royalty.—To рау to such receiver a royalty of ———— per centum of the 
market value of the commercially extractable crude oil content, and other primary 
products of all shale mined and sold or reduced, unless the Secretary of the Interior 
waives the payment of such royalty during any or all of the first five years of the 
lease. The lessee agrees to make and keep a record of, by methods and practices 
satisfactory to the lessor, all necessary gagings, measurements, or analyses of all shale 
mined and sold or reduced, and all products manufactured therefrom by the lessee, 
to afford an adequate basis for computing and ascertaining the amount and grade of 
the crude and other primary products on the basis of which such royalty is to be paid; 
the decision of the Secretary of the Interior as to the market value of such products 
on which the royalty is computed shall be conclusive. The royalty must be paid on 
the last day of March, June, September, and December, each payment to cover the 
royalty on all production during the preceding three months. 

“(еу Reports.—To keep accurate account of the amount and value of the production 
under the lease, and to make a report on the last day of March, June, September, and 
December of the amount and value of the production during the preceding three 
months; also the amount invested in the property, the cost of operation, contracts in 
force as to disposal of proceeds, and depreciation of the property used in working the 
leased land; the books, records, property leased, and reduction works to be subject 
to inspection at any time by an accredited agent of the lessor. 

(f) Sublease.—Not to assign this lease or any interest therein, nor sublet any por- 
tion of the leased premises, or any of the rights and privileges herein granted without 
the written consent of the lessor being first had and obtained. 

“(0) Diligence.—To proceed diligently to develop and mine the oil shale upon the 
leased lands, and extract therefrom the oil and other valuable contents by the most 
approved methods, and in such a manner as to utilize all of the shale that can be 
successfully mined, leaving no available mineral abandoned where the mining 18 


being conducted. 
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“(Ьу Regulations.—To comply with such regulations as have been adopted by the 
Secretary of the Interior and were in force at date of this lease relative to (1) the 
safety and welfare of the workmen; (2) the prevention of undue waste; and (3) the 
exercise of reasonable diligence, skill, and care in the conduct of mining operations, 
which are made a part hereof as fully as if incorporated in this lease; it is also agreed 
that the workday shall not exceed eight hours for underground workers, except in 
cases of emergency, prompt report of which must be made to the lessor; that no boy 
under sixteen years of age, nor any girl or woman shall be employed in any mine 
below the surface; that the workmen shall have absolute freedom to purchase their 
supplies wherever they may desire; that wages shall be paid twice each month in 
lawful money of the United States. Я 

(i) Interest in leases.—To observe faithfully the provisions of section twenty-seven 
of the act, defining the interest or interests that may be taken, held, or exercised 
under leases authorized by the act. 

“5, Prevention of monopoly.—The lessor reserves full power and authority to carry 
out by order, and to enforce all the provisions of section thirty of the act, to insure 
the sale of the production of such land to the United States and to the public at reason- 
able prices, and for the prevention of monopoly, and the lessee hereby covenants and 
agrees to comply with any such reasonable order issued in pursuance hereof. 

“6. Relinquishment.—The lessee, upon consent in writing of the lessor, may make 
a written relinquishment of all rights under the lease, and thereupon be relieved of all 
future obligations hereunder, or he may with like consent surrender any legal sub- 
divisions of the area included herein, upon payment of all rents, royalties, and other 
debts due and payable to the lessor, and upon payment of all wages or moneys due and 
payable to the workmen employed by the lessee, and upon a satisfactory showing to the 
Secretary of the Interior that the public interest will not be impaired; but in no case 
shall such termination be effective until the lessee shall have made provision for the 
preservation of any mines or productive works, or permanent improvements on the 
lands covered by such relinquishment. 

өт, Purchase of improvements, —On the termination of this lease pursuant to the last 
preceding section, the lessor, his agent, licensee, or lessee, shall have the exclusive 
right, at the lessor’s election, to purchase at any time within six months, at the ap- 
praised value thereof, all buildings, machinery, equipment and tools, or other person- 
alty placed by the lessee in or on the land leased hereunder, save and except under- 
ground improvements, machinery, equipment, or structures, which shall be and 
remain a part of the realty without further consideration or compensation; that the 
purchase price to be paid for said buildings, machinery, equipment, and tools to be 
purchased as aforesaid, shall be fixed by appraisal of three disinterested and competent 
persons (one to be designated by each party hereto, and the third by the two so 
designated); the valuation of the three or a majority of them to be conclusive; that 
pending such election to purchase within said period of six months, none of said 
buildings or other property shall be removed from their normal position; that if such 
valuation be not requested, or the lessor shall affirmatively elect not to purchase within 
said period of six months, the lessee shall have the privilege of removing said buildings 
and other property, except said underground equipment and structures as aforesaid, 

“8. Forfeiture.—lf the lessee shall make default in the performance of any of the 
terms, covenants, and stipulations of this lease, and such default shall continue after 
written notice thereof by the Secretary of the Interior or his authorized representative, 
the lessor may, by appropriate proceedings, have this lease forfeited and canceled in a 
court of competent jurisdiction, but this provision shall not be construed as depriving 
the lessor of any legal or equitable remedy which the lessor would otherwise have, 
A waiver of any particular cause for forfeiture shall not affect the right to proceed 
against the lessee for any other cause of forfeiture, or for the same cause occurring at 
any other time. ; 
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“9. Heirs and successors.—It is further agreed that each obligation hereunder shall 
extend to and be binding upon, and every benefit hereof shall inure to, the heirs. 
executors, administrators, successors, or assigns of the respective parties hereto. 

“10. Readjustment of royalties —The lessor shall have the right to readjust and fix 
the royalties payable hereunder at the end of twenty years from the date of this lease, 
land to so readjust at the end of each succeeding period of twenty years, but the 
lessee may, if dissatisfied with the royalties imposed, relinquish and surrender this 
ease in the manner provided in sections 6'and 7 hereof. 

“11. Unlawful interest.—1t is also further agreed that no Member of or Delegate to 
Congress, or Resident Commissioner, after his election or appointment, or either 
before or after he has qualified, and during his continuance in office, and that no officer, 
agent, or employee of the Department of the Interior shall be admitted to any share 
or part of this lease, or derive any benefit that may arise therefrom, and the provisions 
of section 3741 of the Revised Statutes of the United States, and sections 114, 115, and 
116 of the Codification: of the Penal Laws of the United States approved March 4, 
1909 (35 Stat., 1109), relating to contracts, enter into and form a part of this lease, sc 
far as thesame may be applicable. 

“In witness whereof— 

“Tan UNITED STATES or AMERICA. 
“By [n. s.] 
“Secretary of Interior. 


‘Witnesses: 


[1. s.]? 


| 


| 


7. Preferred right toia lease.— Under a proviso of section 21 of the act,.a person having 
a valid claim to oil-shale deposits under existing law, prior to January 1, 1919, shall, 
upon the relinquishment of such claim or claims, be entitled toa lease for not exceeding 
5,120 acres, provided “that no claimant for a lease, who has been guilty of any fraud 
or who had knowledge or reasonable ground to know of any fraud, or who has not 
acted honestly and in good faith, shall be entitled” to such lease. 

The beneficiaries of this proviso are those persons or their grantors who, in the 
honest belief that the mining laws were applicable to oil-shale deposits, have proceeded 
in absolute good faith to make mineral locations, lode or placer, of shale deposits, 
and who have, in all respects, fully complied with the provisions and requirements of 
such laws, including discovery. 

The same form of procedure in making applications for lease should be followed ag 
in other cases, except that, in addition to the points referred to in section 3 of any 
ordinary application, an application for a preference right lease should be accompanied 
by a fulland detailed showing under oath, duly corroborated, of the facts on which the 
applicant claims a preferred right, together with copies of the location notices, ab- 
stracts of title, and such other evidence as may be deemed necessary to establish the 
claimant’s preferred right, and entire absence of fraud. Claimants: of such preferred 
rights to leases should present same promptly; otherwise the lands may be leased to 
others, in which case any preference rights under this proviso will be deemed to have 
lapsed. 

FEES AND COMMISSIONS. 


Under the authority of section 38 of the act, the following fees and commissions are 
prescribed for transactionsunder the act: 

(а) For receiving and. acting. оп each: application for a permit, lease, or other right 
filed in the district land office in accordance with thsee regulations, there shall be paid 
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a fee of two dollars ($2) for every 160 acres, or fraction thereof, in such application, but 
such fee in no case to be less than ten dollars ($10), the same to be paid bv the applicant 
and considered as earned when paid, and to be credited in equal parts on the com- 
pensation of the register and receiver within the limitations provided by law. 

(b) А commission of one per cent (1%) of all moneys received in each receiver's 
office to be equally divided between the register and receiver; such commission will 
not be collected from the applicant, lessee or permittee, in addition to the moneys 
otherwise provided to be paid 

(c) 1% should be understood that the commission here provided for will not affect 
the disposition of the proceeds arising from operations under the act as provided in 
Section 35 thereof; also that such commission will be credited on compensation of 
registers and receivers only to the extent of the limitation provided by law for maxi- 
mum compensation of such officers. 

Very respectfully, 
Cray TALLMAN, 
Commissioner. 
Approved: March 11, 1920. 
ALEXANDER T. VOGELSANG, 
Acting Secretary. 


Under section 7 of the above regulations provision is made grant- 
ing preference to those claimants who made mineral entry on lands 
prior to January 1, 1919, and “who, in the honest belief that the 
mining laws were applicable to oil-shale deposits, have proceeded 
in absolute good faith to make mineral locations, lode or placer, 
of shale deposits, and who have in all respects complied with the 
provisions and requirements of such laws, including discovery." 
The recognition of the validity of such claims implies that claimants 
who have complied with the laws and regulations as mentioned above 
may elect either to ask for their rights to preference in the leasing 
of lands covered by their entry or may ask that patent to the lands 
be issued as under the old law. 
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The following list includes practically all the important reports on 
oil shale published up to March 1, 1922: 


AsnAHAM, HERBERT, Asphalts and allied substances, their occurrence, mode of 
production, uses in the arts, and methods of testing, 600 pp., New York, Van 
Nostrand, 1918. Briefly discusses shale oil and shale tar. Also discusses natural 
hydrocarbons, their oceurrence, refining, testing, etc. 

Acuuson, E. G., Is synthetic petroleum possible? Chem. and Met. Eng., vol. 23, 
Aug. 18, 1920, p. 268. Suggests further study of the production of petroleum 
from carbon and hydrogen, starting with a study of the association of these sub- 
stances in oil shale, 

ApxiNSON, Н. M., The oil-shales of Utah and Colorado: Salt Lake Min. Rev., vol. 
20, No. 8, pp. 21-25, 1918. Fair review of the literature on oil-shale. 

Colorado and Utah oil shale: Railroad Red Book, vol. 35, No. 9, pp. 8—7, 9, 11, 

13, 1918. 

New method of analyses of oil shales: Salt Lake Min. Rey., vol. 22, Jan. 15, 

1921, p. 25; Oil and Gas Jour., vol. 19, Feb. 4, 1921, p. 21; Shale Rev., vol. 3, 
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February, 1921, p. 12. On the advantages of the rotary retorting apparatus used 
in making analytical determinations of oil shale samples. 

AXEARN, D. C., Shale, the potential industry: Mountain States Mineral Age, Decem- 
ber, 1921, pp. 19-22. 

AnsRECHT, C. IL, Esthonian oil-shale exploitations: Commerce Repts., Dec. 20, 
1921, pp. 1028-1029. Gives nature of the shale and status of development. 

ALDERSON, V. ©., The oil-shale industry: Colorado School of Mines Quart., vol. 13, 
No. 2, 30 pp., 1918; abstractin Oil and Gas News, vol.4, No. 22, pp. 17-20, 1919; 
Railroad Red Book, vol. 35, No. 4, pp. 15-24, 1918. А good review of the litera- 
ture and summary of the facts concerning oil shale in the western United States. 

——— Тһе oil-shale industry: Colorado School of Mines Quart., vol. 14, pp. 4-15, 
1919; Salt Lake Min. Rev., vol. 21, pp. 25-26, 1919 (extract); Min. and Oil Bull., 
vol. 6, No. 1, pp. 21-24, 1919; vol. 6, No. 2, pp. 89-98, 1920 (extract). Nature 
and origin of oil shale, its world-wide distribution and present value, descrip- 
tion of the Colorado oil-shales, and discussion of the present status of the industry 
and its future prospects. 

Dawn of а new industry: Oil and Gas News, vol. 6, No. 11, pp. 22-24; No. 12, 

pp. 29-32, 1919. General article with notes on status of commercial develop- 

ments. 

Тһе present status of the oil-shale industry: Railroad Red Book, vol. 37, 
No. 1, pp. 19-31, 1920; Colorado School of Mines Mag., vol. 10, pp. 19-25, 1920. 
Gives details of development of six of the plants in Colorado, Utah, and Nevada. 

---- Oil for centuries іп West: Petroleum Age, vol. 7, pp. 49-51, 1920. General 
discussion of conditions and possibilities in Colorado. 

American developments in oil shale industry: Petroleum Times, vol. 5, Nov. 

26, 1921, p. 744. 

American oil shale activity: Petroleum Times, vol. 5, No. 144, p. 498, 1921; 
Colorado School of Mines Circ., August, 1921; Salt Lake Min. Rev., vol. 23, No. 12, 
p. 18, 1921; Oil and Gas Jour., vol. 20, No. 15, p. 48, 1921; Min. and Oil Bull., 
October, 1921, pp. 670, 674. Up-to-date information on the properties and plants 
in operation in Colorado and Utah. 

—— А directory of oil-shale retorts, with bibliography: Colorado School of Mines 
Quart., vol. 15, October, 1920, Supplement, 21 pp.; Min. Jour., vol. 131, Nov. 27, 
1920, pp. 893-894. Data on the several retorts being built or operated experiment- 
ally or commercially in the United States and Canada. А supplementary bibliog- 
raphy of 4 pages is appended. 

——— Colorado’s shale lands: Mineral Age, vol. 5, No. 3, pp. 9-13, 1920. Good 
general article on the industry. 

———— (il shales of Colorado: Petroleum Times, vol. 3, pp. 225-226, 1920. 

---- The oil shale industry, 175 pp., New York, Frederick A. Stokes Co., 1920. 
Chapters on the nature, origin, and distribution of oil shale, the history of oil 
shale, including Scotch and American investigations, mining of oil shale, retort- 
ing and reduction, experimental and research work, economic factors, a summary 
of important features of the industry, opinions of authorities on the subject, and 
discussion of the future of the industry. Concludes with a selected bibliography. 

— The oil-shale industry in 1920: Colorado School of Mines Quart., vol. 16, April, 

1921, pp. 3-12; Oil and Gas Jour., vol. 19, No. 35, pp. 72, 78, 76, 1921; American 
Gas Eng. Jour., vol. 114, Jan. 22, 1921, pp. 69-71, 79-81; Min. and Oil Bull., 
vol. 7, pp. 149-152; 154, 1921; Min. Cong. Jour., vol. 7, No. 2, pp. 65-66, 1921; 
Shale Rev., vol. 3, No. 4, pp. 3, 4, 10, No. 5, pp. 5, 6, 1921; Salt Lake Min. Rev., 
vol. 22, No. 20, pp. 31-32, 1921. Review, from advance proof, of treatise on con- 
ditions in the shale industry throughout the world during 1920. 

----- Oil shale—a résumé for 1921: Railroad Red Book, vol. 39, No. 1, pp. 7-14, 
1922; Colorado School of Mines Circ. of Inform., 8 pp., 1922; Petroleum Refiner, 
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vol. 10, Jan. 26, 1922, р. 31, Feb. 9, 1922, pp. 25-26. Discusses development in 
this and foreign countries. 

Atprrson, V. O., The oil-shale industry and its possibilities: Oil, Paint, and Drug 
Reporter, vol. 97, June 28, 1920, p. 16; vol. 98, July 5, 1920, p. 15. Data on world 
distribution, nature of Colorado shales, estimates of costs for all phases of develop- 
ment. , 

— — The oil-shale industry—a selected bibliography: Colorado School of Mines 
Quart., vol. 16, April, 1921, pp. 27-38. 

———— Oil shale bibliography of recent articles: Colorado School of Mines Quart., 
October, 1921, pp. 74-76; Colorado School of Mines Circ. of Inform. 4 pp., 1922. 

— — Supplementary bibliography of publications on oil shale: Colorado School 
of Mines Quart., vol. 15, No. 4, pp. 18-21, 1920. 

Oil-shale industry in Great Britain: Shale Rev., vol. 2, No. 9, pp. 5-7; No. 10, 
pp. 12-14, 1920. 

— — The oil-shale industry in Scotland and England: Colorado School of Mines 
Quart., vol. 15, October, 1920, 28 pp.; Railroad Red Book, vol. 37, No. 10, pp. 
891-905, 1920; Oil and Gas News, vol. 8, No. 8, pp. 25-30, 1920; Min. and Ou 
Bull., vol. 7, March, 1920, pp. 213-216; Am. Gas Eng. Jour., vol. 113, Oct. 2, 1920, 
pp. 255-260; Shale Rev., vol. 2, October, 1920, рр. 5-7; November, pp. 12-14; 
Petroleum Annual, 1921, Independent Oil Men’s Association, Chicago, pp. 
269-279. Discusses characteristics of oil-shale deposits in England and Scotland, 
history, and present status of the industry in those countries. 

———— Recent world-wide progress in oil-shale development: Colorado School of Mines 
Cire. of Inform., 4 pp., 1921; Combustion, vol. 5, December, 1921, pp. 251-253, 
260-261, 265; Petroleum Times, Dec. 3, 1921, pp. 779-780. General review. 

— The shale-oil industry, new developments in the British shale industry and 
changes in method of oil extraction: New York Petroleum Exchange Mag., Octo- 
ber, 1920. 

— — — What to do with shale oil: Petroleum (Chicago), October, 1920. 

— —— Why shale will soon vie with petroleum: Petroleum, May, 1920. 

Auten, А. H., On the relative proportions of olefines in shale and petroleum pro- 
ducts: Analyst, vol. 6, pp. 177-180, 1881. 

ALLEN, ©. A., Cannel coal in southern Utah: U. S. Bur. Mines Rept. Invest., No. 
2991, 3 pp., February, 1921; Salt Lake Min. Rev., vol. 22, No. 23, p. 22, 1921. 
Gives analyses and distillation tests. 

Амвковв, A. W., Possible substitutes for gasoline: California Oil World, vol. 13, 
May 26, 1921, 2d sec., рр. 82-83. Discusses the possibilities of alcohol from corn, 
of benzol, of shale oil, and of alcohol from grain and other materials, and suggests 
the most likely remedies for the impending shortage of motor fuels. 

American Gas ENGINEERING JOURNAL, Vast quantities of ой may be obtained 
from distillation of American shales: Dec. 18, 1916. 

AwERICAN Gas Licut JOURNAL, Vast quantities of oil may be obtained from American 
shales: Vol. 105, p. 420, Dec. 18, 1916. 

AMERICAN Оп, JOURNAL, Хоу. 20,1917, p. т. Reports rich oil shale (80 to 90 gallons), 
resembling closely the oil-shale from Watson, Utah. Discovered by Senator 
Thatcher ‘а few miles north of Palisade, Nev.” 

ANDERSON, A. E., Climbing for oil: DuPont Mag., vol. 14, April, 1921, pp. 3-4. Gen- 
eral description of the shale depositsof the western United States, with particular 
reference to mining and the part played by explosives in the development of 
oil shale. 

Anpverson, Е. M., Oil-shales of Elko, Nev.: Am. Inst. Min. Eng. Bull., 1914, pp. 
1402-1403. Notes great percentage of organic matter in oil shale from Elko, Nev. 
States that no bitumen can be extracted by solventssuch as chloroform and ether. 
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ANDERSON, G., Description of the bituminous rocks which occur іп Rossshire and 
in the neighborhood of Inverness: Edinburgh Jour. Sci., vol. 4, pp. 93-95, 1826. 
Brief note only. 

——— On the occurrence of a bituminous substance near Mountgerald (Scotland): 
London Geol. бос. Quart. Jour., vol. 19, p. 522, 1863. Brief mention of oil 
shale near Mountgerald, Scotland. 

ANDRA, 0. 7. [Fossil fuel from New South Wales (kerosene shale)]: Naturhist. Ver. 
preuss. Rheinlinde Verh., vol. 32, Sitzungsber., p. 5, 1875. Gives results 
of distillation of sample of kerosene shale sent from Sydney, New South Wales. 

Anpros, 8. O., Petroleum Handbook, 1919, pp. 140-148. Very brief historical 
Sketch of oil-shale industry of France and Scotland, with mention of resources 
in United States. 

ARCEER, T. C., On a new bituminous substance imported under the name of coal 
from Brazil: Roy. Soc. Edinburgh Proc., vol. 5, pp. 364-365, 1865. 

ARMSTRONG, J. T., The English oil fields: Petroleum Rev., vol. 30, pp. 383-385, 
1914. Incidental mention of oil-shale. 

Авмотр, Raren, et al., Oil shales and petroleum prospects in Brazil: Am. Inst. Min. 
and Met. Eng., separate 1038, issued with Min. and Met., January, 1921, pp. 49-51. 
Discussions of papers presented at meetings held in 1920. 

ARON, А., Note sur l'industrie francaise des schistes bitumineux: Annales des mines, 
10th ser., vol. 9, pp. 47-75, 1906. Discusses oil-shale industry of France, giving 
statistics of production, 1893-1904. Also gives relation of French to Scotch retort- 
ing practice as regards results obtained. 

Asuiny, б. H., Oil resources of black shales of the eastern United States: U. S. 
Geol. Survey Bull. 641, рр. 311-333, 1917. Gives results of distillation tests 
and considerable general information. 

Mineral resources of Pennsylvania: Eng. бос. Western Pennsylvania Proc., 

vol. 37, February, 1921, pp. 1-20. Includes account of oil and gas resources of 

Pennsylvania and brief discussion of possibilities of oil from shale and gasoline 

from natural gas. 

Oil from Pennsylvania shales and coals: Pennsylvania Bur. Topog. and Geol. 
Survey Mimeo. Repts., Jan, 1, 1921; Coal Age, vol. 19, Mar. 3, 1921, рр. 401-403; 
Oil and Gas Jour., vol. 19, Mar. 4, 1921, pp. 94-95. Discusses occurrence and 
extent of shales and cannel coals in Pennsylvania and gives results of numerovs 
analyses and distillation tests. 

AssocraTED PETROLEUM ENGINEERS, Relation of the petroleum engineer to the oil- 
shale industry: Petroleum Times, vol. 4, Nov. 13, 1920, pp. 493-494; Assoc. 
Petroleum Eng. Bull. 3, 1920; Petroleum Age, vol. 7, December, 1920, pp. 123-124; 
Oil and Gas Jour., vol. 19, Dec. 17, 1920, p. 66. 

ATKINSON, А. A., Reports of chief inspector of coal and [kerosene] shale miners: 
New South Wales Dept. Mines Ann. Repts. for 1897-1910, 1898-1914. Statistics 
of shale production in New South Wales in tons of shale mined and value for 
each yield from 1865 to date. 

Bacon, R. F., and Hamor, W. A., The American petroleum industry, vol. 2, pp. 607- 
$44, 1916. General discussion on the Scotch shale industry. 

On the commercial status of American oil shales: Railroad Red Book, vol. 37, 

No. 8, pp. 728-727, 1920. Excerpts from “Problems in the utilization of fuels," 

by the same authors. 

Problems in the utilization of fuels: Soc. Chem. Ind. Jour., vol. 38, June 30, 

1919, pp. 161T-168T; Sci. Am. Suppl., vol. 88, Oct. 11, 1919, pp. 222-223. Dis- 

cusses the importance of the conservation of fuels of all kinds, the need of further 

supplies of liquid fuel, the commercial status of the American oil-shale industry, 
and specific engineering problems іп the utilization of fuels in various industries. 
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Barmeny, E. M., The laboratory distillation of oil shale for the determination of the 
available yield of crude oil and sulphate of ammonia: Petroleum Times, vol. 4, 
Хоу. 27, 1920, pp. 531-532. Describes, with diagram, the procedure and appara- 
tus used by the Pumpherston Oil Co. to determine oil and nitrogen values, and 
gives examples of calculations. 

Shale oil data by an expert: Oil and Gas Jour., Oct. 14, 1921. 

Barer, О. H., Australian kerosene shale—notes preparation being made to work the 
New South Wales deposits: U. S. Cons. Rept.-333, pp. 107, 108, 1908. 

Barr, L. ©., Tertiary oil shales of the Narrows-Port Curtis district, Australia: Queens- 
land Govt. Min. Jour., vol. 15, рр. 73-76, 1914. Describes occurrence and mining 
possibilities of oil shale. 

Tertiary oil shales of Baffle Creek, Port Curtis district, Australia: Queensland 

Govt. Min. Jour., vol. 15, pp. 19-25, 1914. Describes occurrence of oil shale 

and gives a few tests of the shale. 

Oil shales in the Port Curtis district: Queensland Geol. Survey Pub. 249, 

1915. Reprint of articles by same author in Queensland Govt. Mining Jour., 

vol. 15, pp. 19-25, 73-76, 1914. 

Oil-shale industry, an introduction to a report on the oil shales of Lowmead 
now being prepared: Queensland Govt. Min. Jour., vol. 16, pp. 608-616, 1915. 
Good description of geographic distribution of oil shales, with notes on their 
origin, characteristics, treatment, and products, - 

Banzvsxv, B. M., [Oil shale in Esthonia]: Commerce Repts., Dec. 30, 1920. Gives 
geologic data relative to shale, its thickness, extent, and richness, 

Barnwett, 8. E., Eastern shales called profitable: Oil and Gas News, vol. 8, Sept. 2, 
1920, p. 15. 

Eastern shales form rich oil reserve: Shale Rev., vol. 2, No. 8, p. 27, 1920. 

Describes and gives oil, nitrogen, and potash tests of Devonian shales of Kentucky. 

Large deposits of oil shale in Kentucky: Shale Rev., vol. 3, No. 3, pp. 3-4, 
1921. Describes Kentucky shales and discusses their commercial value. 

Barrois, C., Sur la composition et le gisement de la paraffine des schistes bitumineux 
du bassin houiller de Pas-de-Calais: Soc. góol. Nord Annales, vol. 40, pp. 157-170, 
1920. 

BaAscHANT, ——, The use of Lusatian brown coal (Zur verwandung Lustizer Ruh- 
braunkohle): Ziegelwelt, vol. 51, Aug. 14, 1920, pp. 361-363. 

BASKERVILLE, Cuares, Analysis of oil shales: Canada Dept. Mines Summary Rept., 
1909, p. 156; Roy. Soc. Canada Trans., 3d ser., vol. 8, p. 35, 1909; Nova Scotia 
Min. Soc. Jour., vol. 15, p. 29, 1910. 

Economic possibilities of American oil shales: Eng. and Min. Jour., vol. 88, 

рр. 149-154, 195-199, 1909. Gives history of oil-shale industry (especially 

American); discusses methods of mining and treatment in the light of the practice 


in Scotland. 
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cussion of distillation and refining processes used in different fields of France. 

Снокон, E. G., nties, Nova 
Scotia, results not encouraging; pp. 33-37, logs of diamond-drill wells near Rose- 
dale, New Brunswick, showing oil shales; p. 251, oil shale from Pasquia Hills, 
Nabia River, in Saskatchewan, Cretaceous age, distilled 40 gallons of oil and 335 
pounds of ammonium sulphate to the ton; p. 364, shales similar to those of Albert 
County occur in considerable quantity near Ashcroft, British Columbia. 

Ставкв, W. B., On the occurrence and geological positions of the oil-bearing deposits 
of New South Wales: London Geol. Soe. Quart. Jour., vol. 22, pp. 439-448, 1866. 
Short discussion of age of oil shale and cannel coals of New South Wales. 

CrarKson, W., The possibility of oil discovery on the mainland of Australia; Petro- 
leum Times, vol. 5, Mar. 12, 1921, pp. 309-311. 

Стлутом, E. G., Carboniferous shales of Argentina: Chem. News, vol. 87, p. 217, 1903. 

босквввш, T. D. A., New Tertiary insects: U. S. Nat. Mus. Proc., vol. 52, рр. 
373-384, 1917. Describes insect larvae collected by D. E. Winchester in Green 
River shales in Hay Gulch, Colo. 

Some American fossil insects: U. S. Nat. Mus. Proc., vol. 51, pp. 89-103, 1916. 
Describes insect larvae collected by E. С. Woodruff on the east side of Evacuation 
Creek near Ute station, Utah. 

Сокв, P. S., The oil-shale industry: Railroad Red Book, vol. 38, No. 2, pp. 391-393, 
1921. Brief discussion of future possibilities of oil-shale development.  Esti- 
mates that oil shales of the Colorado district can be mined and treated for $3 a 
barrel (including refining of the oil) and that the value of this oil when refined is 
approximately $12. 

Сомменсе Reports, Shale deposits of Parsons Pond and Deer Lake [Newfoundland]: 
Vol. 2, p. 218, 1916. 

COMMONWEALTH or AUSTRALIA [Oil shales in Australia]: Official Yearbook for 1901- 
1917, pp. 469-470, 1918. Brief notes on oil shales in Queensland, South Australia, 
Western Australia, near Coolgardie, Boroloola district, New South Wales, and 


Tasmania. 
Сохлонкв, Н. R. J., Origin of oil shale, summary published in Petroleum Rev., 


December, 1916. 
A study of oil shales and torbanites: Geol. Soc. Glasgow Trans., vol. 16, pt. 2, 
pp. 165-192, 1917. Good article discussing the origin of oil shale. Abstract in 
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Geol. Mag., decade 6, vol. 4, No. 2, Feb., 1917, pp. 93-94; and in Petroleum Rev., 
vol. 35, p. 509, Dec. 23, 1916; p. 73, Jan. 27, 1917. 

Сохртт, D. D., Oil shale in lias Montana, southeastern Idaho, and adjacent parts 
of Wyoming and Utah: U. S. Geol. Survey Bull. 711, pp. 15-40, 1919. Gives 
details relating to the eee. distribution, and value of the oil shales of the 
Phosphoria formation. 

Corner, J., Sur la possibilité de l'existence de gisements de pétrole au Congo: Soc. 
géol. Belgique Anna ales, vol. 38, Annexe, pp. 9-15, 1911. Describes oil shales in 
Lualaba, in the vicinity of Stanley Falls, eastern Belgian Kongo, Africa. 

Совуны, P. C., Bituminous shales of Colorado: Min. American, vol. 77, No. 1882 
pp. 3-4, 1918. Interesting note concerning experiments in 1893, with suggestions 
about processes for the distillation of oil shale. 

Coste, Есавхи, Volcanic origin of natural gas and petroleum: Canadian Min. Inst. 
Jour., vol. 6, p. 73, 1908. 

— чаб and coals, compared in their nature, mode of occurrence, and origin: 
Canadian Min. Inst. Jour., vol. 12, p. 273, 1909. 

shales of Elko, Nev.: Am. Inst. Min. Eng. Bull., 1914, pp. 1403-1404. 
Concludes from evidence of Elko oil shales that the wax or oil in them can be 
there only by impreenation and is of inorganic origin. 

Согмвако, А. E., Report on the use made of the bituminous stones of Palestine and 
Syria during the war, 6 pp. (transmitted by American consul general, Constanti- 
nople, July 22, 1917). Location and character of the deposits, oil content, method 
of extraction, map plan of condensor, etc. 

Свамртом, С. R., and Tarr, D., On certain new localities for oil-bearing shales near 
Edinburgh: Edinburgh Geol. Soc. Trans., vol. 9, pp. 102-107, 1907. Gives geo- 
logic data together with richness data on an area of oil shales near Granton Harbor. 

Cronsuaw, Н. B., Oil shales, 80 pp., London, John Murray, Albemarle St., 1921. 
Monograph prepared under the direction of the Mineral Resources Committee of 
the Imperial Institute; describes oil shale and torbanite in various parts of the 
British Empire, as well as those of the United States, France, Bulgaria, and 
Brazil, the mining and distillation of oil shale, and the composition and properties 
ofoil shale. Concludes with map showing the oil-shale deposits of the world and a 


bibliography. 

Cnoox, THOMAS, Economie mineralogy—a practical guide to the study of useful 
minerals, 492 pp., New York, Longmans, Green & Co., 1921. Includes, in chapter 
on miscellaneous economic minerals, section on petroleum and allied products 
(ozokerite, oil shales, and asphalt), giving their occurrence and distribution and 
properties. 

Cnoss, Rov, No gasoline from shale: Nat. Petroleum News, vol. 10, pp. 42-44, 46, 
1918. Shale-oil gasoline suffers excessive refining losses and is adapted only for 
burning and illuminating. 

Information concerning oil shales: Kansas City Testing Lab. Bull. 14, pp. 
116-119, 1918. 

A handbook of petroleum, asphalt, and natural gas: Kansas City Testing Lab. 
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Cnousz, 0. S., The oil shales of Estill County, Ky.; Eng. and Min. Jour., vol. 110, 
No. 1, pp. 24- 27, 1920. Describes occurrence of Devonian oil shales, gives average 
yield of oil, apparatus and methods for testing, with results, and discusses com- 
mercial possibilities. 

~ Retorting methods as applied to Kentucky oil shales: Kentucky Geol. Survey, 

ser. 6, vol. 6, pp. 155-189, 1921, Discusses the retorting problem in general, 
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enumerates the technical and commercial requirements of an ideal process for the 
treatment of Kentucky shales, and describes some of the more prominent designs 
of retorts, considering their adaptability to Kentucky shales. 

Согмев, H. H., A new source of gasoline: Min. American, vol. 75, No. 1870, pp. 3-4, 
ДОШ] 

CunnincHam-Crara, E. H., Petroleum prospects in South Africa: Petroleum World, vol. 
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Kerogen and kerogen shale: Inst. Petroleum Technologists Jour., vol. 2, pp. 

238-273, 1916 (discussion, pp. 270-273); Chem. Trade Jour., vol. 58, p. 360, 1916. 

Cites evidence to prove petroleum origin of kerogen and the connection of oil- 
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— — The origin of oil shale: Roy. Soc. Edinburgh Proc., vol. 36, рр. 44-86, 1916. 
Exhaustive discussion of origin, eiving geologic and chemical data. 

—— — Oil-producing deposits of the British Empire: Petroleum Review, vol. 38, 
pp. 373, 374, 391, 1918. Compares results of low-temperature distillation of oil 
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minous shales, etc., in the British Empire. 

—— Oil finding, an introduction to the geologi 
рр.) London, E. Arnold, 1920. Chapter on oii shales and torbanites (pp. 207-217), 
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CuxxINGRAM-ÜRArIG, E. H., and others, A new British oil industry: Inst. Petroleum 
Technologists Jour., vol. 4, April, 1918, p. 16. Discusses possibilities of increasing 
oil supplied by distillation of oil shales, coal, cannel coals, torbanites, black-band 
ironstones, lignites, and peat and the desulphurization of shale oil. 

Curran, J. H., Oil-shale situation: Oil Age, vcl. 17, March, 1921, pp. 21-22. Dis- 
cusses the causes for the failure of the Scotch method of retorting when applied 
to American shales and the requirements of a successful plant. 

Cumis, Н. A., The commercial realization of low-temperature carbonization of coal: 
Jour. Ind. and Eng. Chem., vol. 18, No. 1, pp. 23-26, 1921. Describes plant for 
converting bituminous coal into uniform, smokeless, fuel, resembling anthracite 


in properties. 

Darras, W. J., Commercial oil shales: The Street, Nov. 29, 1929: 

Darron, W. H., Bibliography of British oil shales (including Tobamta): Inst. Petro- 
leum Technologists Jour., vol. 2, pp. 178-182, 1916. 

Darst, J. E., Manufactured gas used to produce oil: Am. Gas Eng. Jour., vol. 111, 
Aug. 30, 1919, p. 184. Discusses Wallace process. 

Davip, Т. W. E., The geology of the Hunter River coal measures: New South Wales, 
Geol. Survey Mem., Geol. No. 4, 372 pp., 1907. Contains numerous references 
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— —— Note on the origin of kerosene shales: Linnean Soc. New South Wales Proc., 
vol. 4, pt. 2, pp. 483-500, 1889. Gives chemical composition of the shale of 
New South Wales, description of its occurrence, results of microscopic examina- 


tion, and theories as to its origin. 

Davis, 0. A., On the fossil algae of the petroleum-yielding shales of the Green River 
formation of Colorado and Utah: Nat. Acad. Sci. Proc., April, 1615 (abstract); 
Geol. Soc. America Bull., vol. 27, pp. 159-160, 1916 (abstract). 

———— The occurrence of algae in carbonaceous deposits: Am. Philos. Soc, Trans., Apr. 
24, 1915 (abstract). 

—-—— The algal flora of some of the Eocene oil shales: Wasnineton Acad. Sci. Jour.; 
vol. 5, рр. 649-650, 1915 (abstract). 

——— Some fossil aleae from the oil-yielding shales of the Green River formation of 

Colorado and Utah: Geol. Soc. America Bull., vol. 27, pp. 159-160, 1916 (abstract). 
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Day Co., Quantitative analysis of oil shale and shale oil: The Day Co. Bull. [San 
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— — — The oil famine and the remedy: Am. Rev. of Revs., vol. 62, September, 1920, 
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on the cost of plants. 

———— Пе Beque, the oil shale center: Railroad Red Book, vol. 38, No. 1, pp. 150- 
153, 1921. Describes and maps the location and development of the oil shale in 
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Value of refined. oil products is basis for profit estimates: Shale Rev., vol, 
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Donovan, W., and Burton, ©. C., The di-tillation of Waikaia oil shale: New Zealand 
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ЛоскнАм, ARTHUR, Coal as a future source of oil fuel supply: Petroleum Times, vol. 
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Доктор, R., Oil-shale deposits at Orepuki: New Zealand Dept. Mines Rept. C, 
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oil shales at Orepuki, New Zealand. 

Du Torr, A. L., Report on the oil shales of Impendhle County, Natal: South African 
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accurate analysis of light oils from the distillation of coal, shale, or petroleum, 
Gives advantages and method of using. 

Ecrorr, Gustav, and Morrer, J. ©., Supply of oil available from shales: Oil and 
Gas Jour., vol. 17, No. 10, pp. 46-48; No. 11, pp. 42-46, 1918. Good general 
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Ennis, CARLTON, and Meres, J. V., Gatoibio imd other motor fuels, D. Van Nostrand Co. 
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Eris, R. W., Notes on the geology of the oil shales of Scotland and their relation to 
somewhat similar oil shales in eastern Canada: Roy. Soc. Canada Trans., 3d 
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Oil shales of eastern Canada: Canada Dept. Mines Summary Rept., 1909, pp. 

200-216. Describes occurrence and gives large number of tests of oil shales in 
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Bituminous shales in Nova Scotia and New Brunswick, with notes on the oil 

shales in Scotland: Canada Geol. Survey Summary Rept., 1908, pp. 132-142, 
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Brunswick and gives results of distillation tests of the latter. 
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Scotia, also on the oil-shale industry of Scotland, Canada Dept. Mines, 1909. 
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results of distillation tests, 
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Chem. Jour., vol. 4, July, 1920, pp. 181-188. Statistics and suggestions relating 
to the development of an oil-shale industry in New Brunswick, with bibliography 
on oil shale. 
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shale worked in Rhine provinces and near Reutlingen. One company operating 
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—— — Oil-shaie investigations, May 28, 1921, pp. 914-915. 
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p.877. Notes on development. 
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1921 literature on oil shale. 
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REDFERN, P., On the nature of the Torbane Hill and other varieties of coal: Quart. 
Jour. Mier. Sci., vol. 3, pp. 106-127, 1854. 
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niferi di Giffoni, Valle e Piana, provincia di Salerno: Ассай. gioenia sci. nat. 
Atti, 3d ser., vol. 16, pp. 123-128, 1882. 
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